Successional pathways of a grand fir (Abies grandis ) forest based on thirty-three years of evidence by Cloonan, Carol Leslie
University of Montana 
ScholarWorks at University of Montana 
Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 
1986 
Successional pathways of a grand fir (Abies grandis ) forest 
based on thirty-three years of evidence 
Carol Leslie Cloonan 
The University of Montana 
Follow this and additional works at: https://scholarworks.umt.edu/etd 
Let us know how access to this document benefits you. 
Recommended Citation 
Cloonan, Carol Leslie, "Successional pathways of a grand fir (Abies grandis ) forest based on thirty-three 
years of evidence" (1986). Graduate Student Theses, Dissertations, & Professional Papers. 7417. 
https://scholarworks.umt.edu/etd/7417 
This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 
COPYRIGHT ACT OF 1976
Th i s  i s  an u n p u b l i s h e d  m a n u s c r i p t  i n  whi ch  c o p y r i g h t  s u b ­
s i s t s . Any further  r e p r i n t i n g  of i t s  contents  must be a pp r o v e d
BY THE a u t h o r .
Ma n s f i e l d  L i b r a r y  
Un i v e r s i t y  of Mont-ana  
Da t e : "  _
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Successional Pathways 
of a
Grand F ir  {Abies grandis) Forest 
based on 
Thirty-three Years of Evidence
by
Carol Leslie Cloonan 
B.S., University of Wisconsin-Green Bay, 1980 
Presented in Partia l Fulfillm ent of the Requirements 
fo r the Degree of Master of Science
UNIVERSITY OF MONTANA 
1986
Approved by:
Chairman, Board of Examiners
Dean, Graduate School
Date
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
UMI Number: EP38218
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
UMT
Diuartation Pubtisfwig
UMI EP38218
Published by ProQuest LLC (2013). Copyright in the Dissertation held by the Author.
Microform Edition ©  ProQuest LLC.
All rights reserved. This work is protected against 
unauthorized copying under Title 17, United States Code
ProQ̂ sf
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106 -1346
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Cloonan, C.L. ,  M.S.,  March 1986 Environmental Studies
Successional Pathways of a Grand F ir {Abies grandis) Forest 
Based on Th irty-three Years of Evidence (94 pp.)
D irector: James R. Habeck^^^^
Since the advent of f ir e  suppression at Yellow Bay Forest, a 
grand f i r  community in northwestern Montana, the forest canopy has 
closed and reproduction has become increasingly lim ited to the 
small openings created by dead trees. Successional changes occur­
ring within the forest were d irectly  measured from data collected 
in 1951 and 1985. Data from fourteen .023 ha plots were used to 
determine i f  more than one successional pathway was evident and 
how differences in trends related to site  conditions and species' 
v ita l a ttrib u tes .
During the 33-year period, two major successional pathways 
occurred within the forest. One pathway, characterized by an 
increase in grand f i r  dominance, occurred in the moister, more 
southern plots. The pathway associated with the d rie r plots 
increased in both grand f i r  and Douglas-fir {Pseudotsuga men- 
ziesii) dominance. While overstory compositions of the two 
groups of plots became more d is tinct over time, th e ir  understory 
compositions became more s im ilar. Grand f i r  dominated reproduc­
tion  in most of the fo rest. This species established well under 
the small canopy openings characteristic of the current d is tur­
bance regime. Douglas-fir, dependent on larger openings to become 
established, did not survive to even the sapling stage in the un­
derstory.
I f  current conditions continue in the south end of the study 
area, grand f i r  w ill increase in dominance. Grand f i r  and 
Douglas-fir w ill continue to codominate in the northern, d rie r  
region at least as long as the overstory Douglas-firs survive. 
The continuance of codominance depends on a major disturbance to 
open the canopy su ffic ie n tly  to allow Douglas-fir to reestablish.
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CHAPTER 1
INTRODUCTION
Succession is  a d irectional cumulative change in the species which 
occupy a given area through time (Barbour et a l .  1980), Early ecolo­
g is ts  developed successional theories, s triv in g  to f i t  a l l  plant commu­
n ity  change into one successional pattern . The inherent complexity of 
ecological phenomena, however, did not lend i ts e l f  to  the development of 
an all-encompassing theory. Ecologists now accept that m ultip le  pat­
terns and pathways of plant succession e x is t, varying as much as the en 
vironmental and h is to ric a l phenomena on which they depend. The analysis 
and comparison of individual cases of plant succession now dominate suc­
cessional research and preclude the development of a universal model.
Ecologists have employed a varie ty  of methods to avoid waiting dec 
ades to observe changes in forest composition over tim e. These methods 
re ly  on inference to create predictive models. The only proof of these 
pedictions, however, is to observe how forests actua lly  develop over 
tim e. Long-term studies of permanently marked s ites  provide d ire c t e v i­
dence fo r the appraisal or revision of current successional models. 
Many more studies, covering more vegetation types, need to be undertaken 
to estab lish  a d e f in it iv e  data base of successional studies.
Analysis of fo rest succession may address several levels of resolu­
tio n . T yp ic a lly , a large portion o f a fo rest or a homogeneous stand 
representing the composition of the forest is sampled. Studies where 
data are aggregated fo r a whole forest or a homogeneous stand often
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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overlook the fo re s t's  internal heterogeneity and thus, certa in  forest 
dynamics. In th is  study, I use long-term data from 14 permanently- 
marked plots to d ire c tly  assess compositional change. Species growth 
ra te s , l i f e  h istory a ttribu tes  and ordination techniques were used to 
determine what pathways are occurring and to evaluate what successional 
theories are applicable. Data from individual p lo ts , as well as fo r the 
fo rest as a whole, are analyzed. Individual plots are grouped according 
to the s im ila r ity  of th e ir  compositional changes and p o ten tia lly  th e ir  
pathways of succession.
I chose a grand f i r  {Abies grandis) fo rest in northwestern Mon­
tana fo r  the study, because of the a v a ila b il ity  of h is to rica l data and 
i ts  s u ita b il ity  fo r a long-term study. The s ite ,  as part of the Univer­
s ity  of Montana B iological Station at Yellow Bay, has a high potentia l 
fo r remaining re la t iv e ly  free  of disturbance. Its  proximity to a center 
of un ivers ity  research also ensures continued monitoring of the s ite .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I I  
LITERATURE REVIEW 
Successional Models
Clements' (1916) tre a tis e  on plant succession was one of the f i r s t  
all-encompassing models of vegetation change. Clements' h o lis t ic ,  
organismic theory of succession dominated the f ie ld  u n til the 1950s. 
Elements of his theories have been incorporated into many contemporary 
succession models (e .g . ,  Odum 1969). This classical model, called both 
relay f lo r is t ic s  (Egler 1954) and the fa c i l i ta t io n  model (Connell and 
Slatyer 1977), depicts succession as a stage-by-stage process w ith the 
plants ' m odification of the s ite  as the driving force (Miles 1979).
The fa c i l i t a t io n  model describes succession as a d ire c tio n a l, 
single-pathway, determ inistic  change of vegetation (Connell and 
S latyer 1977). A d iscrete plant community characterizes each stage of 
succession. Each community modifies i ts  environment u n til the s ite  
becomes more suitable fo r a community of later-succession species which 
then assume dominance. The dominance of a stab le , self-m aintain ing  
plant community, the "climax type" marks the f in a l stage in th is  
sequence. A major change in environmental conditions or a catastrophic  
event renews th is  process (Miles 1979, Barbour e t a l .  1980).
As a determ in istic  model of succession, Clements' theory has been 
repeatedly contested and rejected (Gleason 1927, Egler 1954, Drury and 
Nisbet 1973, Connell and S latyer 1979, Peet and Christensen 1980). The 
major objections to Clements' theory are that his discrete stages are
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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delineated a r b it r a r i ly ,  that the importance of s ite  m odification is 
overemphasized and that succession is  in a c tu a lity  a p ro b a b ilis tic , not 
a determ in istic  process (Miles 1979).
Gleason (1927) contested Clements' r ig id  concepts, viewing succes­
sion as a mobile phenomenon to be explained through general p rin c ip le s -  
not fixed laws. Gleason (1927) recognized that succession need not be 
predictable and that a true climax {sensu Clements 1916) does not ex is t 
because the causes of succession never cease, even i f  they are not ob­
servable.
In opposition to Clements' widely accepted ideas, Egler (1954) 
proposed that the " in i t ia l  f lo r is t ic  composition" of a s ite  determines 
la te r  s h ifts  in species dominance and that any species that inhabits a 
s ite  as an adult can colonize the s ite  in i ts  early  developmental stages 
when competition is low (Figure 1 ). According to Egler (1954), species 
assume dominance at d iffe re n t points in time because of th e ir  unique 
l i f e  h istory ch arac te ris tics , such as growth ra te  and longevity.
Connell and S latyer (1977) drew on Egler's ideas to distinguish the 
'to leran ce ' and 'in h ib it io n ' models of plant succession. In the to le r ­
ance model, la te r  species, i . e . ,  those species which become dominant 
la te r  in  the succession sequence, establish successfully regardless of 
whether e a r lie r  species proceeded them. Climax species assume dominance 
because they to le ra te  reduced levels of resources, e .g . ,  l ig h t ,  mois­
tu re , or nutrients (Connell and S latyer 1977).
Eg ler's  (1954) premise that any species of a successional sequence 
can colonize a s ite  in its  early  developmental stages also holds in the 
in h ib itio n  model. This model proposes that by tying up the lim ited  
resources, early  colonists in h ib it  the invasion and growth of other
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 1. Two conceptual models of plant succession. The thickness of 
a line indicates the relative importance of a species
(Barbour et al. 1980).
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species. P robab ility  d ictates that the s h o rte r-liv e d , e a rly -a rr iv in g  
species w ill  more often be replaced than the lon ger-lived , la te r -a r ­
r iv in g  species producing a sequence leading from short- to long-lived  
species (Connell and S latyer 1977).
A ll three models, fa c i l i t a t io n ,  tolerance, and in h ib it io n , agree 
that those species with colonizing characteristics  w il l  dominate in i t ia l  
reproduction on a disturbed s ite . The three models vary on how species 
establish themselves la te r  in the successional sequence. Early succes­
sion species e ith e r modify the environment to the benefit of la te r  
species ( f a c i l i t a t io n ) ,  do not make the environment any more or less 
suitab le  fo r la te  species (to leran ce), or they make the environment 
unsuitable to potentia l colonizers ( in h ib itio n ) (Connell and S latyer  
1977).
No one model accounts fo r a l l  successions, or even fo r a whole 
succession sequence, as Clements' (1916) model claimed. The m ultitude  
of successional pathways is  a function of the varie ty  of mechanisms that 
species employ to reproduce, es tab lish , grow, and compete (Miles 1979).
Each of the three models of succession described above operates 
under some circumstances, though none under a l l .  Clements' (1916) 
fa c i l i t a t io n  model operates on recently disturbed s ites  where pioneer 
species improve conditions fo r la te r  colonizers by lowering the pH, by 
increasing nitrogen levels and organic matter content and by s ta b iliz in g  
s h iftin g  substrates (Connell and S latyer 1977). Egler's  (1954) to le r ­
ance model seems to operate to some degree in a l l  successional sequences 
(M iles 1979). Connell and S latyer (1977) remark, however, th a t no con­
vincing evidence exists which proves that early  succession species do 
not in some way fa c i l i t a te  or in h ib it  the establishment of la te r  species
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7
as the tolerance model necessitates. The in h ib itio n  model operates in 
many s ituations where e a rly - and mid-succession species secure space or 
monopolize l ig h t ,  in h ib itin g  the invasion or growth of species (Connell 
and S latyer 1977). In th e ir  studies of the P in u s  taeda and mixed 
hardwood forests of the North Carolina Piedmont, Peet and Christensen 
(1980) demonstrate how both fa c i l i ta t io n  and in h ib itio n  models operate 
at d iffe re n t stages of succession. During the growth phase, when mor­
t a l i t y  dominated the Piedmont, succession followed Egler*s (1954) theory 
which states th a t succession is  a function of the d if fe re n t ia l longevity  
of trees .
Recent models of plant succession incorporate the various models, 
e .g . ,  the fa c i l i t a t io n ,  tolerance, and in h ib itio n  models, and place 
great importance on the l i f e  h istories  and competitive relationships of 
component species. These recent models describe succession using a syn 
thesis o f a lte rn a tiv e  approaches which are not mutually exclusive or 
competing (Peet and Christensen 1980).
Recent reviews of tra d itio n a l and contemporary concepts of succes­
sion (Drury and Nisbet 1973, Connell and S latyer 1977, Noble and S latyer
1980) advocate a population-based approach emphasizing the a ttr ib u te s  of 
the component species that are v ita l to th e ir  successional ro le , i . e . ,  
th e ir  l i f e  h is tories  and responses to competition. Noble and S latyer  
(1980) developed a technique predicting succession in frequently d is ­
turbed s ites  by using v ita l a ttr ib u te s . The v ita l  a ttr ib u tes  of a 
species, as defined by Noble and S latyer (1980), are its  method of 
a rr iv a l or persistence, its  a b il i ty  to establish and mature, and the 
time taken to reach c r it ic a l  l i f e  stages. A fourth v ita l a t tr ib u te ,  
l i f e  form, may be added to increase the model's effectiveness (Noble and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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S latyer 1980).
M u ltip le  pathways of succession can occur on a s ite  undergoing 
various replacement sequences (Miles 1979). The m ultip le  pathway model 
devised by C atte lino  et a l .  (1979) permits the use of variab le  succes­
sional pathways depending on species composition, in tens ity  of d is tu r­
bance, and stand age when the s ite  is  disturbed. Their model uses v ita l  
a ttr ib u te s  to predict the successional pathways that w il l  occur f o l ­
lowing f ire s  of various in te n s ities  and frequencies.
Another recent model, the cone model of secondary succession (Hus- 
chle and Hironaka 1980), includes fa c i l i t a t io n ,  tolerance, and in h ib i­
tio n  pathways. The climax plant community is represented by the t ip  of 
the cone and its  associated serai communities by sectors which form the 
cone base (Huschle and Hironaka 1980) (Figure 2 ). Serai plant communi­
tie s  fo llow  one of various pathways depending on community characteris­
t ic s  and in teraction s . The various pathways converge as they near c l i ­
max because no new species can invade and persist at th is  po in t. Cones 
of climax communities overlap at the base where competitive pressure on 
the serai communities is low.
The cone model of plant succession s im p lifies  the real world, as do 
the other succession models. The most important function of succession 
models is  th e ir  a b i l i t y ,  separately or together, to increase our under­
standing of plant succession (Peet and Christensen 1980).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Methods of Studying Succession
Ecologists study long-term changes in vegetation to gain under­
standing in  and to derive general models of vegetation dynamics (Cottam 
1984).
The tim e-scale necessary to measure changes in forest vegetation  
complicates the study of forest succession (Hibbs 1980) and the v a lid a ­
tio n  of succession models. To d ire c tly  evaluate vegetation change, 
"permanent plots" must be remeasured over time. To establish permanent 
plots fo r long-term study, researchers need unselfish foresight as the 
knowledge gained may be beyond th e ir  own careers. The future s u ita b il­
i ty  of permanent p lo t or "tim e-series" data re lie s  on careful planning.
At present, the availab le permanent p lo t data is  lim ited in the 
length of time i t  covers, the varie ty  of vegetation types studied and 
i ts  s u ita b il ity  fo r  successional studies.
U ntil recen tly , most permanent plot analyses interpreted data fo r  
not more than 10 to 20 years (Whitney 1984). Studies by Stephenson 
(1965), Schmelz et a l-  (1975), Abrell and Jackson (1977), and Christen­
sen (1977) analyze from eight to twenty-two years of vegetation  
change. The recent recognition of the value of th is  type of data 
(Franklin  1982) has motivated a search fo r su itab le  established plots  
and has resulted in  a number of successional studies covering longer 
time periods. Boggess and Bailey (1964), Stephens and Waggoner (1980). 
Ebbers (1983), Hemond et a l .  (1983), Hibbs (1983), Parker and Leopold 
(1983), Peet (1984), Whitney (1984), and McCune and Cottam (1985) 
analyzed from twenty to  f i f t y  years of vegetation change.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The m ajority of published permanent p lo t studies, including a l l  
twelve lis te d  above, focus on the eastern fo rests . A lim ited  number of 
permanent p lo t transect studies analyze grassland vegetation (e .g . ,  
Humphrey and Mehrhoff 1958, Robertson 1971) and mountain vegetation  
( e .g . ,  Ketchledge and Leonard 1984). Stickney (1980) and Franklin  
(1982) both work with permanent plots in the western United States.
Stickney (1980) has analyzed the f i r s t  six to nine years of plant 
succession a fte r  burning on 20 s ites  in northwestern Montana. Plots 
were a l l  subject to  e ith e r w ild fire  or a broadcast slash burning f o l ­
lowing c learcu ttin g . Predominantly larch {Larix occidentalis)/Douq- 
l a s - f i r  (Pseudotsuga menziesii) forests were studied in the North 
ern Rocky Mountain region.
Franklin (1982) documents permanent plots established in  the 
P a c ific  Northwest. The oldest plots in old growth fo re s t, located in 
Thornton J. Munger Research Natural Area in the southern Washington 
Cascades, were established in 1947. The mensurational plots established  
by the USDA Forest Service during the early  1900s provide important 
baseline data fo r successional studies. Though logging and its  
associated roadbuilding destroyed most of these p lo ts , a s u ffic ie n t  
number remain valuable fo r successional studies. Oregon State  
U niversity  has established and maintained permanent plots over a broad 
range of forest types and environmental conditions at H .J. Andrews 
Experimental Forest, Mount R ain ier, Olympic National Park, and many 
research natural areas. Many of the plots in  the P ac ific  Northwest lack 
key data because mensurational, s i lv ic u ltu ra l,  or timber objectives  
rather than ecological objectives determined data co llected. Concerned 
with the s u ita b il i ty  of much of these data, Franklin (1982) remarks.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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"This wealth of fo rest plots should not obscure the need fo r estab­
lishment of eco logically  oriented successional plots because forest 
growth plots ty p ic a lly  lack key information even when they are in  the 
r ig h t vegetation types or lo c a le s .. . ."
The lack o f suitable long-term data led to the development of sev­
era l research methods to document succession. These methods include the 
reconstruction of past vegetation through h is to rica l and ecological 
records, s ize - and age-class analyses and the use of chronosequences.
Successional studies have compared existing vegetation with old 
records such as w ritten  descriptions, land survey records and photo­
graphs. Such comparisons lack o b je c tiv ity  and are q u a lita tiv e  rather  
than q u a n tita tiv e . H is torica l records re f le c t  the biases of the w rite rs  
and surveyors (Vale 1982). For example, in documenting witness trees  
along section lin e s , surveyors may have recorded certa in  trees because 
of species, s ize , longevity, commercial importance, or location (Barbour 
et a l .  1980). Differences in vegetation noted from paired photographs 
also may be m isinterpreted. Vegetation viewed in old photographs may 
re f le c t  conditions at one time of the year or a short-term  c lim atic  
change rather than typ ica l conditions fo r that time period. These three 
types of h is to rica l records may help determine the general character­
is t ic s  of the vegetation but can not quantify the changes. For example, 
researchers may accurately use old photographs to determine changes in 
plant cover and life fo rm , but not changes in species composition (Vale 
1982).
Ecological reconstruction of past vegetation includes inference  
from re l ic ts  as well as deta iled  analyses of stands. R elicts  may be 
ind ividual plants as well as vegetated areas that have been protected
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from human disturbance. R e lic t plants help to characterize past vege­
ta tio n . For example, a fo rest tree  with broad, low branching suggests 
the previous existence of a savanna. The comparison of r e l ic t  areas to 
undisturbed areas illu s tra te s  the e ffec ts  of human a c t iv ity . The in te r ­
p re tation  of r e l ic ts  re lie s  heavily on inference but is  useful fo r de­
s c rip tiv e  purposes. Stand history may also be reconstructed by ana­
lyzing ro ttin g  wood fragments, f i r e  scars and xylem rings (Henry and 
Swan 1974, O liver and Stephens 1977). Such labor-intensive studies are 
p ra c tic a l only fo r small areas.
S ize - or age-class analyses are frequently used to in fe r  succes­
sional trends. Tree ages are determined by increment boring. Tree 
sizes usually expressed as diameter a t breast height, are more eas ily  
obtained than ages, and therefore are used more frequently in  th is  type 
of analysis . "Inferences from size class analyses have provided us with 
most of our knowledge on the successional status of various tree  species 
in various environm ents.... Many studies show us how useful s ize -  
structure analyses can b e .. ."  (Franklin 1982).
The size or age structure of a stand re fle c ts  the dynamics of the 
species populations (Vale 1982). "Density data broken down by s ize -  
class may suggest past disturbances and recovery from such disturbances 
in a stand" (Schmelz e t a l .  1975). Size-class data may id e n tify  changes 
in the reproductive status of a species due to disturbances (Vale 1982).
Typical in terp retations of s ize - or age-class d is trib u tion s  f o l ­
low. In  a climax community, i .e .  one with "permanent possession of the 
h a b ita t" , one might expect each climax species to be represented in each 
age class (Daubenmire 1968). A fo rest community with progressively  
fewer ind ividuals in ever larger or older classes is usually maintaining
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i t s e l f  (Vale 1982). I f  a species' age-class series is  truncated at
e ith e r  end, the species cannot, in most cases, be considered a climax 
species due to the in terruption  in i ts  l i f e  cycle (Daubenmire 1968). 
Few ind iv iduals  in small or young age classes indicate that a species is 
not successfully reproducing while an abundance in these age classes 
suggests that the species is invading (Vale 1982).
Such in te rp re ta tio n s , however, should be approached cautiously. 
Accurate in te rp re ta tio n  requires knowledge of species l i f e  h is to rie s . 
An age-class structure without a progressively decreasing population in 
older classes does not always indicate that the population is not
s tab le . An in terruption  in  the age-class series may res u lt from 
c yc lica l patterns which are not evident in a sample covering a lim ited  
time period. For example, the eastern hemlock {Tsuga canadensis) 
may have few young trees a t a given time because i t  sometimes reproduces 
in cycles (Vale 1982). When drawing conclusions based on age- or s ize -  
class series , one must be aware that sapling densities may change over 
years or decades and that m orta lity  rates , s u s ce p tib ility  to disease and 
shade tolerance of saplings vary from species to species (Barbour et 
a l .  1980).
Size classes are often used as an approximation of age, though the 
re la tionsh ip  of the two parameters varies considerably. Daubenmire 
(1968) found that tree  diameters can be used to estimate age reasonably 
well i f  size classes are broad enough and i f  d iffe re n t species are not
assumed to  have s im ilar age-size re lationships. Franklin (1982)
strongly warns that assuming a close relationship  between size and age, 
a re la tionsh ip  that has been frequently disproved, may resu lt in  gross 
misconceptions. Antos (1977) found that "seedling"-sized, shade to le r ­
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ant grand f i r  trees varied from less than 40 to 120 years of age.
In spite of the ambiguous re la tionsh ip  between age and s ize , 
Daubenmire (1968) attests  that "a graded series of sizes has 
approximately the same successional significance as a graded series of 
ages.” Franklin 's  (1982) findings agree that "useful ecological 
inferences do not necessarily depend on high age-size corre la tions."
Many studies in fe r  vegetation change by sampling a series of sim i­
la r ,  nearby plots o f various successional ages, i . e .  chronosequences 
(Barbour e t a l .  1980). The plots must represent a wide range of known, 
successional ages. A series of plots may be adjacent as those esta­
blished in the path of a re treating  g lac ie r or scattered through an 
area. In scattered p lo ts , successional age may be determined from land 
use records or ecological clues, but is most often determined from tree  
ages (Barbour e t a l .  1980). The v a lid ity  of th is  method demands that 
the study plots d i f fe r  in age but do not d if fe r  s ig n ific a n tly  in  topo­
graphy, parent m ateria l, slope, aspect or macro-climate (Barbour et 
a l .  1980, Daubenmire 1968). This heavy dependence on inference and the 
im probability of finding plots d iffe r in g  only in age tend to cloud the 
resu lts  of chronosequence studies with suspicions (Christensen 1977, 
Cottam 1984).
Permanent p lo t studies avoid the problems of inference and gener­
a l i t ie s  that are inherent in  other methods of documenting succession. 
The superio rity  of permanent p lo t analyses has ju s t recently been re a l­
ized. The lack of time series data has greatly  lim ited  our under­
standing of p lant succession (McCune and Cottam 1985). Vale (1982) 
agrees that permanent p lo t studies warrant greater a tten tion  and 
Franklin (1982) c a lls  the development of permanent p lo ts , "the most
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important research need in forest succession." The superio rity  of 
permanent p lo t data is c le a r. With permanent p lo t data, one can more 
accurately assess stand dynamics and successional trends (Peet 1984). 
Only th is  type of data allows structura l properties, such as size  
d is tr ib u tio n , to  be d ire c tly  linked to successional processes (Peet and 
Christensen 1980).
Permanent p lo t data allow accurate demographic study, evaluation of 
the impact of disturbances and development and va lidation  of succession 
models. For demographic studies, changes in species composition and 
importance, population structure , species d is trib u tio n s , species 
d iv e rs ity  (Christensen 1977) and a species' ro le  or position in  the 
canopy (Hibbs 1983) can be computed d ire c tly . Also, each species' 
s u rv iv a l, growth and recruitment rates can be analyzed in  d e ta il (Hibbs 
1983, Christensen 1977). Long-term data aid in  evaluating the impact of 
disturbance and the recovery of vegetation a fte r  the disturbance is 
elim inated. Research concerning the impact of recreation , e .g . 
trampling from hikers, and the impact of acid deposition on the natural 
environment re lie s  on the use of permanent plots and transects  
(Ketchledge and Leonard 1984).
Permanent p lo t data can be used to project short-term fo rest growth 
(Peet 1984) and to develop and evaluate successional models. "We can 
build  a l l  the successional models, and make a ll  the short-term studies 
we want; but the real proof of our predictions is to  observe the actual 
development of fo rest stands over time" (Franklin  1982).
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Species A ttributes
The adaptive characteristics  of species present in a fo rest stand 
g reatly  influence the successional pathway followed. These v ita l  pro­
cesses or "a ttribu tes" include a species' method of regeneration and 
reproduction, the conditions required fo r its  establishment and persis­
tence and the timing of its  c r i t ic a l  l i f e  history events (Noble and 
Slatyer 1980).
Several current successional models are reduction is t, i . e .  the 
models' foundations emphasize species-level a ttr ib u te s . Species' v ita l  
a ttr ib u te s  d ic ta te  the potentia l response of the population, in terms of 
s u rv iva l, establishment and growth, to  the dynamic competitive environ­
ment. The population processes, in  tu rn , influence community-level 
properties , such as succession (Peet and Christensen 1980).
To accurately represent changes in plant composition, q u antita tive  
succession models must be based on plant species' v ita l a ttr ib u tes  
(Keane 1984). A synopsis of important a ttrib u tes  of tree species pre­
sent in the Yellow Bay forest follow s. S c ie n tific  names fo llow  Hitch­
cock and Cronquist (1973). References to Antos (1977) and Antos and 
Habeck (1981) re fe r to a study of the grand f i r  forests of the nearby 
Swan Valley and peripheral areas. Most of the areas sampled by Antos 
were located between Swan Lake and Condon, Montana. The Yellow Bay 
Forest, one of the 56 natural stands sampled by Antos, is  s lig h tly  older 
and d r ie r  than the average stand that Antos (1977) sampled.
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Grand F ir  (Abies grandis)
Grand f i r ,  a major forest dominant, is p o te n tia lly  the climax 
species {sensu P fis te r  e t a l .  1977) over much of the lower Swan
V a lley , Grand f i r  maintains high cover In most Swan Valley stands
(Antos 1977), In both the understory and overstory (Fowells 1965).
Disease plays an In tegral ro le  In grand f i r ' s  l i f e  h is tory . Young 
grand f i r  often develop heart ro t {Echinodontium tinctorium E l l .  
and Ev.) (Fowells 1965) and by 90 years of age trees usually have ser­
ious r o t .  Though many adult trees often liv e  over 200 years, exact ages 
are d i f f ic u l t  to determine due to pandemic stem ro t (Antos 1977).
Grand f i r  is more shade to le ran t than most associated western Mon­
tana conifer species. Though growth at times Is suppressed, the species 
can survive under dense shade fo r many years (Fowells 1965, Antos and 
Habeck 1981). In th is  suppressed s ta te , trees may Increase in  diameter 
only 1 to 2 mm per year (Antos and Habeck 1981) and have short, stunted
crowns (Fowells 1965). An understory tre e , 1 to 4 m t a l l ,  may be from
40 to 120 years o ld . When a gap forms In the canopy, allowing d irec t  
overhead lig h t to reach the suppressed trees , grand f i r  responds well 
(Antos 1977), Released from suppression, grand f i r s  build th e ir  crowns 
ra p id ly , p a r t ia l ly  due to epicormic branching (Fowells 1965). Grand f i r  
also establishes well by seed In  canopy gaps. An individual which 
receives overhead lig h t while young has a very good growth poten tia l 
(Antos 1977) and may a tta in  a dominant canopy position (Antos and Habeck
1981).
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Larch (Larix occidentalis)
In  the Swan Valley grand f i r  fo rests , larch is  a major serai con­
s titu e n t of most stands and remains a minor constituent of many older 
(>250 years) stands (Antos 1977).
Larch establishes best a fte r  hot f ire s  as germination success is  
higher on ash or mineral soil than on duff (Fowells 1965) or beneath 
dense shrub and forb cover (Antos and Habeck 1981). Under favorable  
conditions, young larches grow rap id ly , i . e . ,  at twice the ra te  of 
D ouglas-fir and at four times the rate of Engelmann spruces of s im ila r  
age. Older, healthy trees grow slowly but s tead ily  (Antos 1977).
Capable of liv in g  more than 700 years (Fowells 1965), larch usually
remains healthy fo r 300 years (Antos 1977).
Larch seedlings to le ra te  p a rtia l shade (Fowells 1965), but fo r much 
of th e ir  lifespans, larches are the least shade to leran t of a l l  conifers  
present in the Swan Valley grand f i r  forests (Antos 1977).
D oug las-fir (Pseudotsuga menziesii)
D ouglas-fir is a major serai constituent of and is  widely d is t r i ­
buted in grand f i r  stands of the Swan Valley (Antos 1977).
D ouglas-fir regenerates best in p a rtia l shade. Less shade to le ran t 
than grand f i r  and more to le ran t than ponderosa pine and larch (Antos 
1977), D ouglas-fir w ill  grow rap id ly  fo r many years in fu l l  sun light.
Trees have a maximum l i f e  expectancy of 500 years and longer (Fowells 
1965). Even though Douglas-fir in i t ia l ly  grows more slowly than larch , 
many eventually w il l  assume dominance because they to le ra te  some shade 
(Antos 1977).
D ouglas-fir is  usually considered a subclimax species as i t  is  most
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often found with more to leran t species. D o ug las-fir, however, can w ith­
stand suppression fo r short time periods and s t i l l  respond to re lease, 
though not fo r the long periods exhibited by grand f i r .  In the pro­
longed absence of f i r e ,  grand f i r  may assume dominance over D ouglas-fir  
(Fowells 1965).
Engelmann Spruce (Picea engelmannii)
Though more abundant at higher elevations, Engelmann spruce only 
forms a minor component of grand f i r  stands. Young spruces, which 
establish on almost any type of seed bed, play a minor role in young 
grand f i r  stands and in the gaps of la te  serai stands (Antos 1977). 
Spruce matures in  300 years and is long-lived . Spruce to lerates  shade 
b ette r than D oug las-fir, ponderosa pine and western larch (Fowells 
1965).
Ponderosa Pine (Pinus ponderosa)
Although uncommon in grand f i r  fo rests , a few old-growth ponderosa 
pines are sometimes found in d rie r  areas (Antos 1977).
On d r ie r  s ite s , young pines outcompete other species' regeneration 
due to th e ir  rapidly-growing taproot which protects them against drought 
(Fowells 1965). To regenerate on moister s ite s , where i t  grows with  
more shade-tolerant con ifers , ponderosa pine requires f i r e  or some other 
disturbance to open up the stand (Arno and Hammerly 1977). Though pon­
derosa pine is more shade to leran t than larch but less to le ra n t than 
D o u g las -fir, a mature tree can withstand shade fo r up to 40 years. Pon­
derosa pines may liv e  400 to 500 years (Fowells 1965).
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Paper Birch iBetula papurifera)
Though f a i r ly  ubiquitous in grand f i r  forests of northwestern Mon­
tana, paper birch seldom achieves great abundance. Like larch seed­
lin g s , birch seedlings require moist mineral so il (Antos 1977) or ro tten  
logs fo r germination. Full lig h t is  required fo r a l l  stages of the 
birches' l i f e  h istory (Fowells 1965). I n i t i a l l y ,  birch grows rap id ly  
(Antos 1977). This short-lived  species matures in 60 to 75 years and 
dies by the age of 140. Birch experiences heavy m o rta litie s  throughout 
i ts  lifespan (Fowells 1965).
Individual birch trees may assume dominance when young (Fowells 
1965) but soon become overtopped by conifers (Antos 1977). As a dense 
canopy develops above, growth slows and the birch diminishes. Typi­
c a lly , more to le ran t species replace the birch a fte r  one generation 
(Fowells 1965). Some birch may persist w ithin 150 year old stands in 
canopy gaps or under th in  stands of larch (Antos 1977).
Regeneration Ecology
In th e ir  study of the Swan Valley grand f i r  fo rests , Antos and 
Habeck (1981) found that h is to r ic a lly  the frequency of f i r e  prevented 
most stands from reaching climax. A fte r h igh-in tensity  f ir e s ,  larch or 
lodgepole pine (Pinus contorta) becomes estabished. Larch estab­
lishment is favored by f ire s  occurring in  stands over 150 years o f age 
(Antos and Habeck 1981).
The tree  species which establish best in the f i r s t  years following  
a f i r e  are D ouglas-fir and western whitepine (Pinus monticola) (Antos 
and Habeck 1981). Grand f i r  establishes and grows well a fte r  a f i r e  
(Antos 1977), though i t  invades and grows more slowly than D ouglas-fir
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and western whitepine (Antos and Habeck 1981).
As a stand develops, dense shade and th ick duff in h ib it  the 
regeneration of a l l  species. Grand f i r  does not germinate well under 
i ts  own shade in the Swan Valley stands. The high frequency of f i r e  did 
not encourage the development of genotypes which can perpetuate in  low 
lig h t  in te n s itie s . As the forest usually burned before the trees died 
from other causes, selection fo r invasion under a dense canopy had 
l i t t l e  chance to develop (Antos and Habeck 1981).
Most reproduction in these stands is  lim ited to openings (Antos 
1977, Antos and Habeck 1981). Grand f i r  dominates reproduction, being 
the species most successful at establishing in openings (Antos 1977). 
In large enough openings, Douglas-fir and western whitepine also estab­
lis h  and persist as minor forest components on d rie r  s ites  (Antos 1977, 
Antos and Habeck 1981). Engelmann spruce also establishes i t s e l f  in 
openings (Antos and Habeck 1981).
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CHAPTER I I I  
DESCRIPTION OF STUDY AREA
The grand f i r  forest under study is situated near Yellow Bay, an 
in le t  located on the east shore of Flathead Lake. The five -hectare  
study s ite  located w ithin th is  forest extends north from the University  
of Montana Biological S tation 's  entrance road and east from the 
lakeshore to Highway 35 (47° 53'N, 114° 02'W) (Figure 3 ).
The clim ate of the area is strongly influenced by moist maritime 
airmasses o rig in atin g  from the Alaskan Gulf and temperatures are 
moderated by Flathead Lake. The vegetation, both tree and undergrowth 
species, strongly re fle c ts  th is  P ac ific  c lim atic  influence (Arno 1979). 
Many of the coastal species present, such as grand f i r ,  are near th e ir  
eastern range lim its  in  th is  part of northwestern Montana.
An undulating topography and a southwest aspect (approximately 210° 
with a 3° slope) characterize the s ite . The elevation rises from 896 m 
at the southwest corner to 902 m at the north end of the study area. 
Under lying sediments. Quaternary and T ertia ry  valley  f i l l  deposits, 
were le f t  by the C ordilleran g lac ier that carved the Flathead Lake basin 
during the la s t ice age (A lt and Hyndman 1972).
Grand f i r  is the potentia l climax dominant on th is  s ite ,  which 
c la s s ifie s  as an Abies grandis (grand fir)/Clintonia uniflora 
(queencup b ead lily ) hab itat type (P fis te r  et a l .  1977). Both serai and 
climax species (western larch , paper b irch , ponderosa pine, D o ug las-fir, 
Engelmann spruce and grand f i r )  are represented. Though actu a lly  a 
shrub, mountain maple (Acer glabrum) also plays an important ro le  in
23
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Figure 3. Study Area. Regional map modified from Antos (1977).
24
Kalispeil
■
■ ^ S tu d y  Area  
MONTANA
igfork
Swan  
Lake
Flathead :i 
xSSt!: Lakeys
O rchard
STUDY  
GRID
Flathead  
Lake
10 km
Yellow Bay
SOD It
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
25
fo re s t dynamics at th is  s ite . Its  arborescent l i f e  form enables i t  to 
function as a small tre e .
The western edge of the study area comes w ith in a few hundred feet 
of the present day lakeshore. In the southern portion, lower te rra in  
and greater s ite  moisture influence plant community composition. Grand 
f i r  dominates the tree canopy which is of moderate density (about 75% 
canopy cover). The understory contains a d ivers ity  of mesic species.
On the upland portions of the fo re s t, the tree  canopy is more 
continuous (80-90% cover) and contains a greater proportion of Douglas- 
f i r .  Understory cover is  sparse except w ith in  the in term itten t canopy 
openings.
Under ownership of the University of Montana since 1906, the forest 
has remained re la t iv e ly  free of man-caused disturbances. The las t 
ground f i r e  occurred in 1905 (pers. comm. Habeck 1984). The completion 
of Kerr Dam in 1936 raised the level of Flathead Lake and probably, the 
water tab le  under the fo re s t. Though the study area has never been 
logged, a few trees were removed from its  eastern edge for a dock b u ilt  
in the early  1950's. In 1947, the draining of a swamp located at the 
southwest corner of the study area in it ia te d  the change of that area 
from a hydric to a more mesic environment. In the la te  1960's , the con­
struction  of a t r a i le r  s ite ,  a gravel p it  and a f i r e  road destroyed por­
tions of the north edge of the fo re s t.
The major disturbances a ffecting  the forest today are insect in fes­
ta tio n s  and disease. Most of the pole-sized larch have been damaged or 
k ille d  by the casebearer (Coleophora laricella [Hubner]) in  the la s t  
decade and grand f i r  have been seriously weakened or k ille d  by heart ro t  
(Echinodontium tinctorium), Dwarfmistletoe (A rceu th o b iu /n  spp.)
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has weakened larch and D oug las-fir. The D ouglas-fir beetle {Dendoc- 
tonus pseudotsugae Hopk.) has k ille d  some of the D ouglas-fir in 
recent years (Tunnock et a l .  1984). The fa ll in g  and d e fo lia tio n  of 
these insect- and d isease-k illed  trees has created canopy openings scat­
tered throughout the fo re s t.
Late in the 1940's, twelve acres of the Yellow Bay forest were sur­
veyed in to  a series of 50 by 50 f t  units to fa c i l i t a te  mammal and bird  
censuses. In 1951, Jacqueline Arthur, a summer student, randomly 
selected selected f if te e n  of these plots fo r a vegetational study. 
A rthur's o rig in a l data (p lo t maps) were preserved in the University of 
Montana's departmental f i le s  where they were discovered in  1983. These 
data provide the basis fo r th is  study of "real-tim e" succession.
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CHAPTER 4 
METHODS
Sampling Methods
In 1951, Arthur collected tree  population data from 15 randomly
chosen plots in  the Yellow Bay inventory g rid . Figure 4 illu s tra te s  the 
location of these plots w ithin the g rid . The to ta l area sampled ac­
counted fo r 7.65% of the g rid . Arthur mapped the location of each tre e , 
recording its  species, vigor and size class. Size classes were divided  
as follow s: 0-1 in , 1-3 in , 3-6 in , 9-12 in . . .  and so on. Arthur also
recorded the shrubs and herbs present in the g rid . A high correspon­
dence between A rthur's maps and the current locations and sizes of trees  
indicated the the 1951 data were of suitable qu a lity  fo r a long-term  
study.
Tree and shrub data also were availab le fo r 128 of the gridded 
plots fo r 1967. Eleven of the 128 plots were from the o rig in a l set of 
permanent p lo ts . Only six p lo ts , however, had exact locations of trees  
mapped. As the 1967 maps did not correspond well to e ith er the 1951 or
the 1984 maps, these data were not used.
Numbered wooden stakes placed at 50 f t  in terva ls  throughout the
grid  and A rthur's o rig in a l maps permitted the relocation of the 15 plots  
during the summer of 1984. I f  the stakes marking p lo t corners had been 
moved or lo s t, they were replaced. P lot corners were relocated by mea­
suring from adjacent stakes. Arthur's maps helped to pinpoint locations  
by i l lu s tra t in g  which trees were and were not in a p lo t. Also, many of
the p lots had corner trees that had been blazed and engraved w ith the
27
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Figure 4. Successional study g rid , 
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stake number. Since many of the corner stakes were broken or hard to 
f in d , bright yellow, numbered stakes were driven into the corners of the 
resampled plots.
The numbering of stakes begins at the southeast corner of the grid 
area. Numbers run west for 15 stakes and then east for 15 stakes up to 
stake 255. Plot numbers follow the same pattern with plots 1 through 14 
in row one, plots 15 through 28 in row two, etc.
Only 14 plots were resampled as one plot had been destroyed by the 
construction of a f i r e  road at the north end of the grid . Using a dbh 
(diameter at breast height) tape, tree diameters were remeasured to the 
nearest .1 in . Present day maps of each plot were constructed to record 
each tre e 's  location, diameter, and vigor. The presence of seedlings 
below breast height also was noted. The data are lis ted  along with 
th e ir  x-y coordinates in the appendix.
Sampling included taking increment cores at breast height of 
healthy conifers of various sizes. Xylem rings were counted on cores to 
estimate the tree 's  age. Representative saplings, from outside the 
plo ts , were cut near the ground to determine age. The diameters of a ll  
trees and saplings were recorded to determine age-size relationships, i f  
any existed.
Each vascular understory species on each plot was assigned one of 
the following cover classes (P fis te r et a l. 1977, as modified from 
Oaubenmire 1959): '+ ' = a species in the stand, but not in the p lo t, T
= 0-1%, 1 = 1-5%, 2 = 5-25%, 3 = 25-50%, 4 = 50-75%, 5 = 75-95%, and 6 = 
95-100%.
Forest overstory density was measured using a spherical densio- 
meter. Four overstory readings; facing north, east, south and west;
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were taken from the center of each p lo t's  four quarters. The average of 
these 16 values determined the overstory density fo r each p lo t.
S ite  moisture stress was evaluated by measuring pre-dawn xylem 
potentials with a portable pressure bomb (PMS Instrument Co., C orvallis , 
OR). This technique accounts for the three factors influencing plant 
moisture stress: soil moisture stress, atmospheric stress, and the
p lan t's  a b ility  to control water loss (Waring and Cleary 1967). To mea­
sure the tension that a p lant's  vascular system is under— an indicator 
of internal water stress— a severed twig is placed in the chamber with 
i ts  cut end protruding and pressure is exerted on the leaves u n til mois­
ture rises to the cut surface. The pressure at which moisture is f i r s t  
observed is  equal in magnitude to the tension which was in i t ia l ly  in the 
plan t's  vascular system (Waring and Cleary 1967).
Five grand f i r  were sampled for moisture stress on each p lo t. The 
average size of the trees sampled was 14 cm (dbh). One branchlet was 
clipped from each tree at 1.2 to 2.4 m height and its  xylem potential 
measured. Grand f i r  were selected because individuals with accessible 
branches occurred on a ll p lots. To maximize moisture stress, the 
fourteen plots were sampled a fte r a two to three week mid-summer dry 
period. To minimize change in moisture stress, a sampling session was 
aborted i f  i t  rained before the session was complete. Once these re­
quirements were met, sampling took three nights (8 /19 /84-8 /21 /84), 
working between 0200 M.S.T. and dawn.
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Methods of Data Analysis
Demographic Changes
Tree population data were used to calculate species recruitment, 
growth and m ortality  since 1951. Data were presented as absolute num­
bers o f, e .g ., recruitments and m orta lities , and as rates, i .e . ,a s  a 
proportion of the number recruited or dead in re lation  to the 1951 
to ta l.  The above calculations were made using number and basal area of 
individuals. Total basal area growth included basal area of recruited  
trees (ingrowth) and growth of trees a live  since 1951. The net change 
in numbers (absolute and rates) of each species was calculated by sub­
tracting  m orta lities  from recruitments. Net basal area change was ca l­
culated as the to ta l basal area growth minus the basal area lost to 
m orta lity .
These values, calculated for each species, were computed at the 
forest level (a ll  plots combined), for each of the two successional 
pathways (plots separated into two groups) and for each plot 
ind iv idu a lly .
The th irty -th re e  year birth/growth rates were converted to ten-year 
birth/growth rates (fo r  easier comparison to other studies) using the 
following compound in terest formula:
B = (1+8 )10/33_1
10 33
where Bjq is the 10-year birth/growth rate and B33 is the 33-year 
birth/growth ra te .
Ten-year m ortality  rates were calculated from the 33-year rate
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using a negative compound interest formula (McCune and Cottam 1985):
Q = 1-(1-Q )10/33
10  33
where is the 10-year m ortality rate and Q33 is the 33-year m ortality  
ra te .
Ordination
Introduction. Ordination is a valuable tool in understanding plant 
succession and has been used to display basic successional trends 
(Huschle and Hironaka 1980). Through ordination, samples (or species) 
are arranged in abstract ecological space based on one or more a t t r i ­
butes, e .g . species composition (Beals 1984). The closeness of two 
samples in space d irec tly  relates to the s im ila rity  of the samples 
(Gauch 1982). By reducing the dimensionality of ecological space and by 
finding major axes of variation through the cluster of samples, ordina­
tion  c la r if ie s  major patterns of variation (Beals 1984).
To in terpret patterns of variation , environmental variables are su­
perimposed on the ordination. Environmental factors, however, may be 
highly correlated to each other and the influences of each d if f ic u lt  to 
separate. The ordination its e lf  re flec ts  these integrated environmental 
facto rs , as well as b io tic  and h istorical factors, as the community re ­
sponds to them (Beals 1984).
Although the original Bray-Curtis (1957) technique has been c r i t i ­
cized, the current form incorporates many improvements and options, 
making i t  "one of the most successful and appropriate means of m ulti­
varia te  analysis of phytosociological data" (Beals 1984).
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Detrended correspondence analysis (OCA) is an eigenvector ordina­
tion technique (H ill  and Gauch 1980) which has been successfully used to 
evaluate successional pathways occurring in stands (Hann 1982).
Methodology. Both Bray-Curtis (1957) ordination and detrended 
correspondence analysis, as presented in the computer programs BCORD 
(W. Post unpublished program) and DECORANA (H ill 1979), respectively, 
were used in th is study. Both programs o ffer a variety of options for  
constructing an ordination. Dominance of tree species was used to 
ordinate samples because i t  is a better predictor of indicators of tree  
productiv ity , such as leaf area (McCune and Allen 1985).
In the Bray-Curtis (1957) ordination, plot to tals  were re la tiv ized  
to 100 to reduce the e ffect of to ta l amount of vegetation on the ord i­
nation pattern. D issim ilarity  between plots was calculated using 
Sorenson's coeffic ien t: 1-(2W/A+B), where A = the sum of values fo r one
p lo t, B = the sum of values for the other p lo t, and W = the sum of the
lower value for each a ttrib u te  common to both plots. Kessell and Whit­
taker (1976) found this coeffic ien t performed better than the other 
tested distance measures. Axis endpoints were selected using variance- 
regression (Beals 1984). Of a ll  endpoint-selection techniques using
real samples as endpoints, variance-regression is the most satisfactory  
and tends to give more interpretable results (Beals 1984). In the 
detrended correspondence analysis, p lot to ta ls  were also re la tiv ized  to 
100, axes were rescaled, and 26 segments were used in detrending.
Four sets of ordinations were constructed with the 1951 and the
1984 data. Three ordinations were based on (1) the dominance of a ll
sizes of trees, ( 2) the dominance of trees in the understory ( 1- 6" dbh) 
and ( 3) the dominance of trees in the overstory (greater than 6" dbh).
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Although a tree does not necessarily enter the overstory when i t  reaches 
six Inches in diameter, th is dividing point allows the comparison of 
vegetation dynamics in the smaller size classes with those in the larger 
size classes. The fourth ordination compared 1951 understory and 1984 
overstory compositions to see i f  vegetational trends might have been
predicted from the 1951 understory composition.
In a l l  ordinations, species dominance was correlated to axes and 
was superimposed on the ordination to determine i f  dominant species 
occupied d is tin c t parts of ecological space. Pearson product-moment 
correlation  and Kendall's rank-order correlation were used for dominance 
data. Environmental and community variables were correlated to the 
ordination axes using Pearson product-moment correlation. These 
variables included s ite  moisture stress; b ir th , growth, and m ortality  
rates; and maximum grand f i r  size on each p lo t.
As aging of the large grand f ir s  by increment coring was not pos­
s ib le  due to extensive heart ro t, the diameter of the largest grand f i r  
was used to approximate a p lo t's  successional age. Grand f i r ,  the only
tree  species present on a ll the p lo ts , was the prime candidate for mea­
surement of th is parameter. Though size has been shown to have a lim it ­
ed relationship to age, a graded series of sizes does have some succes­
sional significance (Oaubenmire 1968).
The ordination of 1951 and 1984 data together allowed the construc­
tion  of successional vectors {sensu Goff and Zedler 1972). A succes­
sional vector connected each 1951 sample point with its  corresponding 
1984 sample point. Each vector illu s tra te s  a compositional s h ift  in 
species dominance on a plot over the 33-year period. These vectors were 
examined to determine which plots are converging on the same point in 
ecological space, i . e . ,  the same species composition.
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Discriminant Analysis
Introduction. Discriminant analysis was used to distinguish  
between groups of plots which seemed to be following two d iffe re n t  
successional pathways, i . e . ,  heading towards one of two points in 
species composition.
Discriminant analysis, a parametric s ta tis tic a l technique, weights 
and lin e a rly  combines the discriminating variables to make groups of 
cases as d is tin c t as possible. This technique can be used to determine 
i f  two subjectively chosen groups are indeed s ta t is t ic a lly  d iffe re n t, to 
study the spatial relationship among groups and to predict to which 
group a case belongs (SPSS 1983). Groups can be discriminated among by
species composition or environmental data (McCune 1983).
Methodology. Two groups, following two d is tin c t successional path­
ways, were apparent from the ordination resu lts . These two pathway 
groups were d ifferen tia ted  on the basis of species dominance for 1951 
and 1984, for a ll  size classes combined and for understory and overstory 
separately. Environmental data were also used to d iffe re n tia te  between 
groups in 1984 (a ll size classes combined). The variables used to dis­
tinguish groups were entered d irec tly  to compare the discriminating  
power of the a ttribu tes  (McCune 1983).
The degree of group d iffe ren tia tio n  for the year-size classes was
2
compared using canonical correlations and the significance of the x • 
The re la tiv e  contribution of each species to the function was determined 
by its  standardized discriminant function coeffic ien t and the s ig n if i­
cance of its  F -ra tio  (Nie et a l. 1975).
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T-Tests
To further analyze differences between the two groups of plots t -  
tests were used. Group means of s ite  moisture, species dominances and 
various community factors were compared and the significance of the d i f ­
ferences were tested. As Student's t  was used to test the null hypo­
thesis that the group means for each variable were equal, two-tailed  
prob ab ilities  were calculated. When variances for the two groups were 
equal (P > .0 5 ), t  was based on pooled variances. For unequal var­
iances, t  was calculated using separate variances (Nie et a l. 1975).
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CHAPTER V 
RESULTS
Forest-level Dynamics
Forest-level analyses indicated each species' re la tive  success at 
establishment and growth since 1951 and suggested how each species might 
influence future forest dynamics. The to ta l number of trees and basal 
area fo r each species in 1951 and 1984 suggested the re la tiv e  importance 
of each species and how that has changed (Table 1 ), Changes in species' 
densities and dominances were compared using rates of change (Table 
2 ). Rates indicate how a species' population or to ta l basal area has 
changed re la tiv e  to the in i t ia l  number or amount. B irth , ingrowth, 
growth and m ortality  rates were calculated to determine the cause of a 
species' net increase or decrease in importance. Net population growth 
rates are calculated from recruitment and m ortality  rates and are based 
on numbers of individuals. Net basal area growth rates are the sum of 
ingrowth, growth and m ortality rates.
From 1951 to 1984, forest tree density decreased and to ta l basal 
area increased. A ll tree species except grand f i r  decreased in density, 
though grand f i r  increased only s lig h tly . Four species—grand f i r ,  
Douglas-fir, maple and spruce— increased in dominance while the other 
f iv e — ponderosa pine, larch, birch, willow and alder— diminished. Grand 
and Douglas-fir led the species in increases in re la tive  dominance while 
larch suffered the greatest losses (Table 1).
37
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Table 1. Forest-level changes in species numbers and basal areas.
Values lis te d  under 'Total Number of Trees' and 'Total Basal 
Area' are sums fo r the to ta l area sampled (.8035 acres).
Total Number of Trees Total Basal Area
Species 1951 1984 A 1951 1984 A
Grand f i r 536 554 + 18 5780.52 11257.21 +5476.69
Maple 183 80 -103 340.47 752.47 + 412.00
D ouglas-fir 92 30 - 62 4290.95 6956.42 +2665.47
Bi rch 189 44 -145 1670.70 1294.16 -  376.54
Spruce 40 18 - 22 696.46 1055.15 + 358.69
Willow 18 9 - 9 51.10 19.31 - 31.79
Alder 14 6 -  8 449.64 29.78 -  419.86
Larch 28 4 - 24 2129.33 489.17 -1640.16
Ponderosa pine 6 1 -  5 915.38 774.37 -  141.01
Total 1106 746 -360 16324.55 22628.04 6303.49
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Table 2. Forest-level demography. Values are a proportion of the number of trees or amount 
of basal area present in 1951. Rates are adjusted to a 10-year basis.
Numbers Basal Area
Species
Recruitment
Rate
M ortality
Rate
Net 
Population 
Growth Rate
Ingrowth
Rate
Growth
Rate
M ortality
Rate
Net Growth 
Rate
Grand f i r .14 .19 -.0 5 .03 .24 .07 .21
Maple .07 .39 -.32 .28 .18 .33 .12
Douglas-fir .006 .30 -.3 0 .00 .20 .07 .13
Birch .02 .43 -.41 .05 .10 .38 -.22
Spruce .04 .31 -.26 .01 .22 .16 .07
Willow .13 1.00 -.87 .10 - - 1.00 - .9 0
Alder .11 1.00 -.8 9 .02 - - 1.00 - .9 8
Larch .00 .45 -.4 5 .00 .01 .38 -.37
Ponderosa pine .00 .42 -.42 .00 .11 .22 -.11
w
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Grand f i r  had the greatest recruitment rate and lowest m ortality  
rate of the species present. In terms of basal area, i t  had the 
greatest net growth ra te . Although grand f i r 's  ingrowth rate (.03 ) was 
below that of maple, willow and birch, its  net growth surpassed these 
species' because of growth and m ortality  rates. The growth rate of 
existing grand f ir s  (.24 ) was the highest of a ll species and th e ir  mor­
t a l i t y  ra te  (.0 7 ) was one of the lowest. These recruitment and net 
growth rates indicate that grand f i r  w ill continue to be a major com­
ponent of reproduction and small size classes and a major influence in 
the fo rest.
Douglas-fir reproduced very l i t t l e  since 1951. Most individuals  
belong to larger size-classes. Douglas-fir had the th ird  highest net 
population growth of the species. Its  success was due to its  
longevity— i t  had the second lowest m ortality rate ( .3 0 )— not to its  
recruitment ra te . Only two new stems, both recent recruits under one 
inch diameter, have survived since 1951. The growth rate of existing  
Douglas-firs (.20) and th e ir  low m ortality rate (.07) accounted for 
D ouglas-fir's  net basal area growth rate (.1 3 )--th e  second highest. I f  
the standing Douglas-firs are not replaced, size-class structure w ill 
s h ift  to larger and larger classes and Douglas-fir's role in the forest 
w ill diminish as these older trees die.
Maple, with the greatest rate of basal area ingrowth, was a stable 
component of the forest community. In terms of numbers of trees, maple 
had the fourth highest net population growth rate ( - .3 2 ) .  Relative to 
the other species, maple had moderate recruitment (.07) and m ortality  
( .3 9 ) rates. A fter grand f i r  and Douglas-fir, maple had the next great­
est net growth rate in basal area. Maple's healthy ingrowth rate (.28 )
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re fle c ts  Its  a b il ity  to resprout and grow in low lig h t levels. The high 
rate  of ingrowth combined with a moderate growth rate (.18) and an 
average m ortality  rate (.33) ensures maple a continuing role in forest 
dynamics.
The spruce population consists mostly of older, persisting trees. 
Though some reproduction has occurred, only six new stems have survived 
since 1951 and two of these were less than one inch diameter. In spite  
of its  low recruitment rate ( .0 4 ) , spruce's low m ortality rate  
( .3 1 )— re la tiv e  to the other species— resulted in the th ird  highest net 
population growth ra te . Its  net basal area growth rate is the fourth 
highest. Spruce's growth rate (.22) was second only to grand f i r  and 
i ts  m ortality  rate (.16 ) was re la tiv e ly  low. Low ingrowth and rec ru it­
ment indicate that spruce w ill persist only in scattered occurrences, i f  
the current disturbance regime continues.
Larch and ponderosa pine experienced high m ortality  with no re­
cruitment. Neither species produced any surviving new stems since 
1951. Larch's net rate of basal area growth (-.3 7 ) was a function of 
i ts  m ortality  rate (.38) and its  nominal growth rate ( .0 1 ) . An outbreak 
of larch casebearer caused larch's unexpectedly high m ortality ra te . 
Though ponderosa pine had greater net growth ( - .1 1 ) ,  its  growth rate 
(.11 ) was due to the growth of only one remaining pine. In the absense 
of a major disturbance, the larches and the ponderosa pine w ill soon 
cease to play a role in forest dynamics, except for th e ir roles in 
creating canopy gaps for the regeneration of other species.
Birch, with a low recrutment rate (.02) and a high m ortality rate  
( .4 3 ) ,  had a net population growth rate of - .4 1 . Relative to the other 
species, its  ingrowth rate was average ( .0 5 ), its  growth rate low (.10 )
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and its  m ortality  rate high ( .3 8 ). These rates of change in basal area
re f le c t  birch's short longevity and shade intolerance and indicate that
birch w il l  enter into forest dynamics infrequently and for only short 
periods of time.
Willow and alder, very short-lived species, had the lowest net 
population growth rates (-.8 7  and -.8 9 , respectively). Their re la tiv e ly  
high recruitment rates (.13  and .11) were a function of the small number
of stems that were present in 1951 (9 of willow and 6 of a lder). Both
have m ortality  rates of 1.00. As no individuals survived over the 33- 
year period, a ll  basal area growth was due to ingrowth. With 100% 
m o rta lity , these short-lived species persist only b r ie fly  in the course 
of succession.
Plot-level Dynamics
Ordination of Data for a ll Size Classes
1951 and 1984 Ordination. By ordinating 1951 and 1984 species 
dominances of the fourteen plots, plot compositions were compared and 
th e ir  differences related to environmental and community variables 
(Figure 5 ). In the ordination of tree dominance for 1951 and 1984, the 
f i r s t  two axes extracted 76.49% of the information in the data matrix. 
Construction of a th ird  axis extracted l i t t l e  additional information 
from the data matrix (12.08%) and separated only p lot 35 from the other 
plots. This axis was highly correlated to ponderosa pine (r^=.67, tau = 
.43)— a species present only on plot 35. As the variation along the 
axis related to a single event— the establishment of a ponderosa 
pine— and not a major vegetational trend, two axes give the best
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ordination of the 14 p lo ts. The f i r s t  axis of the ordination of 1951 
and 1984 data represents a moisture gradient. When moisture stress data 
(availab le  only fo r 1984 plots) were correlated to the position of the 
1984 plots in the ordination, moisture stress accounted for 38% (P<.01) 
of the variation in species composition.
Axis one related to Douglas-fir (r^ = .47, tau = -.6 3 ) (Figure 6 ), 
paper birch (r^ = .79, tau = .56) and Engelmann spruce (r^ = .43, tau
= .59) (Figure 7) dominances. Douglas-fir was associated with the d rie r  
end, birch and spruce with the moister end of the moisture gradient.
Tree m ortality  (r^=.64 (+ ), P<.01) and net growth (r^ = .44, ( - ) ,  
P<.01) rates, calculated using basal areas, were also correlated to the 
f i r s t  axis. Species associated with wetter s ites , e .g . birch, alder and 
willow, have shorter lifespans than other species present, and thus 
greater m ortality rates. Net growth (growth + ingrowth -  m ortality) 
rates were greater on the d rie r plots where the m ortality  rate was 
lower.
p
Axis two was correlated with grand f i r  ( r  = .75, tau = -.7 7 ) and 
Douglas-fir (r^ = .43, tau = .40) dominances (Figure 6 ). Grand f i r  was 
associated with the older end and Douglas-fir with the younger end of 
th is  axis.
The second axis of the ordination represents an age gradient. 
Maximum tree {Abies grandis) size on each plot was correlated to th is  
axis fo r 1951 (r^ = .39 ( - ) ,  P<.01) and for 1984 (r^ = .57 ( - ) ,
P<_ .001). Plot 182, at the "young" end of this axis, underwent a 
massive dieback of trees since 1951 and now contains much tree regenera­
tion and lush undergrowth in the resultant gap. Plot 182 has the lowest 
overstory canopy density (65%) of a l l  the study plots. Plot 59, at the
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Figure 6. Overlay of Douglas-fir (A) and grand fir (B) relative domi­
nances on plot ordination.
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Figure 7. Overlay of birch (A) and spruce (B) relative dominances on 
plot ordination.
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"older" end of the axis, is characterized by a dense tree canopy (90%)
and sparse understory. Plot 59 is the only p lot to have not produced
any surviving new recruits of any species since 1951.
Basal area growth rate was negatively correlated to th is  axis (r^ = 
.45, P^.Ol) (1951); (r^ = .39, P<.01) (1984), which can be p a r t ia lly
explained by its  correlation to maximum tree diameter (r^=.40, P<.01). 
Larger trees, more prevalent on older plots, add more basal area per
unit of diameter gained than smaller trees, under sim ilar environmental 
conditions.
DECORANA did not give s ig n ifican tly  d iffe ren t results from BCORD. 
Though the axes chosen were arranged d iffe re n tly  in species space, the 
relationship between plots remained the same. As stand dispersal was 
s lig h tly  better in BCORD, only BCORD was used in these analyses.
The two-dimensional ordination (Figure 5) illu s tra te s  compositional 
differences of the fourteen plots. In the following description, plot 
numbers include a p lo t's  composition in both 1951 and 1984 unless one 
year is specified, e.g. plot 13-1951. Most of the plots located in the 
northern, d rie r portion of the study s ite  (69, 91, 99, 113, 117-1981, 
173, 188) are grouped in the ordination because they a ll contain moder­
ate amounts of Douglas-fir and grand f i r  (Figure 6 ). The driest plot 
(182) is found s lig h tly  above the other dry plots in the ordination due 
to its  greater dominance of Douglas-fir. Plots 1, 11-1984, 59, 117-1951 
and 122, a ll  high in grand f i r  dominance and moderate in s ite  moisture, 
are grouped in the lower, central portion of the ordination. Alone near 
the center of the ordination, plot 35 is distinguished by its  ponderosa 
pine dominance. The plots located on the wetter (11-1951) and wettest 
(13) portions of the study area are grouped by th e ir  birch dominance at
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the r ig h t end of the ordination.
Compositional differences of the plots re la te  to moisture and age 
gradients. The driest plots had the greatest dominance of Douglas-fir 
and the wettest plots had the greatest birch dominance. Grand f i r  dom­
inance peaked in the intermediate moisture range. In terms of succes- 
sional age, the "youngest" plots (11-1951, 13, 182), located in the 
western, more open portion of the study area, contained greater amounts 
of less to leran t serai species— either birch or Douglas-fir. In 
contrast, the "oldest", i . e . ,  the least recently disturbed, plots (1, 
59, 117, 122) contained more grand f i r  and were located in the area of 
densest canopy cover.
Successional Vectors. Vegetational trends were evaluated by com­
paring p lot composition between 1951 and 1984. Successional vectors 
id en tified  the direction of vegetation change in each p lo t, in terms of 
increasing or decreasing species compositions. Each successional vector 
originated at a p lo t's  ordination position in 1951 and ended at the same 
p lo t's  position in 1984. (Figure 8 ).
The vectors of eight plots (69, 91, 99, 113, 117, 173, 182, 188)
converge at the le f t  center section of the ordination, an area of simi­
la r  grand f i r  and Douglas-fir re la tiv e  dominance. Species dominance on 
most of these plots increased in grand f i r  (X (mean change) = .065, N =
8] and Douglas-fir (X = .11, N = 8) re la tive  dominances. The only
decreases in re la tiv e  dominance of these species were very small.
The vectors of the other six plots are more widely dispersed, but 
s t i l l  converge at a point in the lower center of the ordination. These 
plots generally increased in grand f i r  dominance and decreased s lig h tly  
in Douglas-fir dominance.
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These two groups of p lo ts, each converging on a d iffe ren t area in 
species space, were assigned to two potential pathway groups. Group A 
includes the six moist, southern plots converging toward high grand f i r  
dominance and group B includes the eight dry, northern plots converging 
toward Douglas-fir and grand f i r  codominance (Figure 4 ).
These analyses reveal the major compositional differences between 
the two groups of plots to be in Douglas-fir and spruce re la tiv e  domi­
nances. As the recruitment of both of these species has been very low, 
i t  hardly seems that they w ill be discriminating factors in the future.
Convergence. I f  the vegetation in the fourteen study plots is 
converging towards one or two common compositions, the s im ila rity  among 
plots should be higher in 1984 than in 1951. In the plot ordination 
(Figure 5 ), the 1951 plots are more widely dispersed than the 1984 
plots. A closer look at Figure 5 reveals the greatest d iss im ila rity  
along the f i r s t  axis to be between 1951 plots. As s ite  moisture stress 
explains over one-third of the variation along th is axis, the movement 
of vectors (Figure 8) toward the axis' center indicates that a s h ift
toward more mesophytic species accompanied the convergence in species
composition. Since the second axis relates to an age/size gradient, the 
greatest d iss im ila rity  along this axis is between a 1951 and a 1984
p lo t.
Discrimination of Pathway Groups fo r A ll Size Classes
Discriminant analysis (DA) and t-te s ts  were used to quantify 
compositional, environmental and community differences between the two 
groups of p lo ts. The fourteen plots were assigned to one of two
"pathway" groups as described in the ordination resu lts . DA tested the
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significance of the difference between these two groups and identified  
the factors most important in separating groups.
Using data combined for a ll  size classes, discriminant analysis was 
only marginally successful in separating groups (Table 3). Douglas-fir 
and spruce were the most powerful variables in separating the groups at 
both sampling times (Table 4 ). The greater significance of group separ­
ation in 1984 over 1951 suggests that the fourteen plots may indeed be 
converging toward two regions of species composition space—one of grand 
f i r  dominance and one of grand f i r —Douglas-fir codominance.
In addition to the compositional differences determined by DA, t -  
tests revealed s ign ificant differences in moisture stress (excluding 
plot 35), in birch growth and in overall tree m ortality (Table 5 ). 
Because of the small number of plots in each group, only strong d if fe r ­
ences were s ign ificant at the .05 leve l. Therefore the difference in 
moisture stress of the two groups (P=.10) may be due to an actual d i f ­
ference rather than chance. Excluding plot 35 from the analysis in 
creased the significance of the difference to .03. Plot 35 was removed 
because i t  had the most ambiguous group membership.
The t - te s t  results indicated that group B plots were located in 
d rie r regions of the study area than group A plots. Compositional d i f ­
ferences of the two groups support th is  moisture difference. Birch, 
typical of moister areas, grew better on group A plots (P=.08). Spruce, 
also favoring moist s ites , had greater re la tive  dominance and re c ru it­
ment on group A plots. Douglas-fir, typical of d rie r s ites , had greater 
5ominance and growth on group B plots. In addition, group A plots suf­
fered a greater average number of overall m orta lities , possibly because 
more of the short-lived species, e .g ., birch, willow and alder, grew on 
the moister p lots.
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Table 3. Discriminant analysis of two pathway groups, 1951 and 1984. 
A higher canonical corre la tion  indicates greater group 
separation.
Canonical
Year Correlation Significance
1951 .83 9.75 .2032
1984 .89 12.85 .1170
Table 4. Standardized discrim inant function coeffic ien ts  for separating 
pathway groups. F -ra tio s  indicate species' re la tiv e  con tri­
butions to group separations.
Function 1 F-Ratio Significance
Species '51 '84 • 51 '84 '51 '84
D ouglas-fir 1.49 2.69 10.63 32.07 .0068 .0001
Spruce - .11 0.45 3.33 7.76 .0929 .0165
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Table 5. r - te s t  resu lts  fo r  comparison of two pathway groups
Category Variable Group n
Group
Mean
Std.
Error t
Prob-
value
Site A ll Plots A 6 150.50 11.14 -1.76 .10
Moi store B 8 169.75 4.61
Stress
( p .s . i . ) Without A 5 143.80 10.90 -2.53 .03
Plot 35 B 8 169.75 4.61
Douglas- Rel Domi A 6 .06 .04 -5.89 .00
f i r 1984 B 8 .48 .05
Total BA2 A 4 151.29 71.61 -2.81 .02
1951 B 8 460.73 68.30
( in f /p lo t )
BA Growth A 3 119.04 76.60 -3.61 .01
( in ^ /p lo t) B 8 397.58 38.16
Spruce Rel. Dorn. A 6 .09 .03 3.13 .03
1984 B 8 .001 .001
Total BA A 4 170.81 50.07 3.15 .05
1951 B 1 13.20 0.00
( in f /p lo t )
New A 3 2.00 .57 3.46 .07
Recruits B 0 0.0 0.00
New BA A 3 5.81 .97 6.02 .03
( in f /p lo t ) B 0 0.00 0.0
Birch BA Growth A 5 102.64 31.82 2.26 .08
( in f /p lo t ) B 5 27.74 9.16
Tree Number Lost A 6 64.00 7.34 2.26 .04
M o rta lity Since 1951 B 8 43.25 5.74
^Relative Dominance 
^Basal Area
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The major differences in species composition of the two groups were 
in to ta l numbers of individuals and to ta l amounts of basal area of a 
species, not in rates of change. Species ingrowth, growth and m ortality  
rates were not s ig n ifican tly  d iffe ren t in the two groups. Due to the 
small number of plots in each group, many subtle or even moderate d if ­
ferences between the two groups may not be substantiated by s ta tis tic a l 
tests . Further comparison of species' demographics and basal area 
dynamics revealed additional information (Table 6 ).
From 1951 to 1984, group A plots had greater net growth of grand 
f i r  while group B plots had much greater net growth of Douglas-fir. 
Grand f i r 's  advantage on A plots came mostly from the growth of existing  
trees. A higher growth and lower m ortality rate fo r Douglas-fir ac­
counted for Douglas-fir's greater net growth rate on B plots. Group A 
plots demonstrated a much higher net growth rate of grand f i r  compared 
to Douglas-fir. On B plots, the net growth rates of the two species 
were s im ila r, suggesting a codominant relationship.
Ordination of Data by Size Class, 1951 and 1984
Though the understory may indicate the future composition of a 
fo res t, this information can not be attained from an ordination com­
bining a l l  size classes. The contribution of large trees to species 
dominance overshadows that of small trees. To see how vegetational 
trends in the understory might d if fe r  from those in the overstory, 
successional vectors were constructed fo r understory and overstory 
dominance data separately.
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Overstory Ordination. The ordination of overstory dominance data 
was not appreciably d ifferen t from the ordination of a ll size classes 
together (Figure 9 ). This ordination did, however, c la r ify  plot re la ­
tionships as species dominances, maximum tree size and s ite  moisture 
stress had stronger correlations to the axis scores.
S ite  moisture stress (r^ = .40, P = .009) and Douglas-fir dominance
p
(r^ = .49 , tau * -.6 2 ) had s lig h tly  higer correlations to the f i r s t  
axis. Also, the position of group A plots along the f ir s t  axis was 
s ig n ifican tly  d iffe ren t from the position of group B plots, both in 1951 
( t  = 3.03, P = .03) and in 1984 ( t  = 4.07, P = .01 ). The second axis of 
the ordination was more strongly correlated to grand f i r  dominance (r^ = 
.83, tau = .76) and less correlated to Douglas-fir dominance (r^ = .39, 
tau = - .4 1 ) .  Successional age showed a stronger correlation to the 
second axis of the overstory ordination (r^ = .66 (+ ), P .001) 
compared to that of the ordination of a ll size classes together.
Successional vectors for the overstory data converged in two 
regions of species space. Five of the six plots in group A (1, 11, 35, 
59, 122) converged in an area characterized by high grand f i r
dominance. The influence of the other species on the overstories of 
these plots is diminishing. Plot 13, the sixth p lo t, increased in birch 
dominance. This p lo t, located in the southwest corner of the 
ordination, is part of a former marsh. Grand f i r  is currently invading 
the p lot from the adjacent fo rest, but none has yet entered the p lo t's  
overstory. Birch comprises the entire  overstory. The successional 
vectors of group B plots converge in a region of dominance shared 
between grand f i r  and Douglas-fir. The overstory ordination suggested 
that 13 of the 14 plots are converging towards one of two species
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Figure 9, Ordination of plots using overstory dominance. Vectors connect 1951 species composition with 
1984 composition. Species codes indicate regions high in re la tiv e  dominance; ABGR = Abies 
grandis^ PSME = Pseudotsuga m emiesii, BEPA * Betula papyrifera^ PIEN * Picea engelmannii,
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compositions— grand f i r  dominance or dominance equally divided between 
grand f i r  and Douglas-fir. The fourteenth plot (13) is in a re la tiv e ly  
early stage of development compared to the other plots and therefore is 
not yet converging toward a sim ilar species composition.
Understory Ordination. Ordination of understory dominance data 
(Figure 10) revealed successional trends not evident from the ordination 
of a ll  size classes combined.
The f i r s t  axis of the ordination was correlated to grand f i r  (r^ = 
.76, tau = -.6 8 ) and to birch (r^ = .85, tau = .78) dominance. Though 
the le f t  endpoint on th is  axis (plot 13-1951) had the lowest moisture 
stress, th is  axis is not s ign ifican tly  correlated to s ite  moisture 
stress (r^ = .19, P = .0 6 ). This axis separated out those plots having 
birch dominant. High birch dominance occurs in three plots in 1951 but 
only in one (p lo t 13) in 1984.
The second axis separated plots mainly on the basis of th e ir  larch 
(r^ = .81, tau = .46) and Douglas-fir (r^ = .84, tau = .53) domi­
nances. The only plots with appreciable amounts of these species in 
th e ir  understory were 1951 p lots. This axis did not re la te  to any of 
the measured environmental or community variables.
The th ird  axis was highly correlated to maple dominance and suc­
ceeded in separating 1984 plots 1 and 182 from the rest of the plots. 
Over the 33-year period, these two plots increased in maple re la tive  
dominance by .44 and .65 respectively.
Most of the successional vectors, regardless of group membership, 
converge in the le f t  bottom corner of the ordination. This area is 
strongly dominated by grand f i r .  The vectors of three plots (1 , 99, 
117) point away from th is  region. Plots 99 and 117 increased in birch
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Figure 10. Ordination of plots using dominance of trees In the understory. Vectors connect 1951 species 
composition with 1984 composition. Species codes Indicate regions high In re la tiv e  
dominance: ABGR = Abies grandis  ̂ PSME = Psuedotsuga menziesii, BEPA = Betula papyrifera,
LAOC = Larix occidentalis.
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dominance by .24 and ,20 respectively and plot 1 increased in maple
dominance. Maple and birch are surviving in the understory in isolated
cases. Thus, the major successional trend is toward an increase of 
grand f i r  dominance in the understory, regardless of pathway group.
Discrimination of Pathway Groups in Size Classes
The ordinations of understory and overstory data indicated that 
groups A and B displayed d is tin c tly  d iffe ren t vegetational trends in the 
overstory, but not in the understory. Discriminant analysis (DA) of the 
two groups for each of the combinations of stratum and year quantified  
the re la tiv e  degrees of group separation. The degree of separation in 
1984 versus that in 1951 indicated whether or not the two groups of
plots were converging toward two d ifferen t species compositions. DA
also quantified the re la tiv e  importance of each species in 1951 and 1984 
group separations.
Group separation was s ign ificant in both the 1951 and the 1984 
overstories and in the 1951 understory (Table 7 ). In the discriminant 
analysis of the 1984 understory, the separation of the two pathway 
groups was not successful.
The 1984 overstory displayed the greatest difference in species 
composition of the two groups. Douglas-fir and spruce were the key 
variables in discriminating groups, both in the 1951 and the 1984 over­
stories. The separating power of these two species, as expressed by the 
significance of th e ir  F -ra tios , was greater in 1984 (Table 8 ).
Species compositions of the two pathway groups were the most 
sim ilar in the 1984 understory. The power of species to discriminate 
the plots into two d is tin c t groups decreased (Table 9 ). Maple contri-
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Table 7. Discriminant analysis of two pathway groups by year- and size-class. A higher canonical 
correlation indicates greater group separation.
__________________ OVERSTORY________________________________ UNDERSTORY______________________
0
1 Canonical Canonical
n________ Year_______Correlation_________ Significance_______Correlation______________ Significance
■n
I  1951 .88 13,67 .0335 .90 14.26 .0468
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buted to group separation in 1951 but had become ubiquitous by 1984. 
Larch had disappeared from the understory by 1984, and so, 
ceased to be an influence in separating groups.
DA indicated that the separation of plots into two pathway groups 
hinged on the d iffe re n tia l dominance of Douglas-fir and spruce in the 
two groups. The growth of the large, long-lived Douglas-fir increased 
group separation in the overstory from 1951 to 1984. Analysis of the 
1984 understory indicated that compositional differences between the two 
groups may diminish.
Douglas-fir did not impact group separation in the understory in 
1951 or in 1984. Since 1951, only two Douglas-firs were successfully 
recruited. Both s t i l l  small and vulnerable, they have l i t t l e  chance of 
survival. Spruce contributed the most to group separation in both 
years. Even though spruce became established only in group A, its  num­
bers were too few to a ffect group separation s ig n ifican tly .
Although the grand fir-dominated understory suggests that group 
separation w ill eventually diminish as the overstory Douglas-firs are 
replaced, the Douglas-fir codominance on group 8 plots may continue for 
a couple hundred years. The oldest Douglas-firs on these plots were 
about 170 years old. Douglas-firs liv e  up to 400 years in western 
Montana (pers. comm. Habeck 1986). In lieu  of any disease or insect 
outbreak directed toward Douglas-fir, Douglas-fir could predictably  
separate group A from group B plots for 230 more years. I f  a major 
distubance opens the dry end of stand, Douglas-fir recruitment might 
also perpetuate Douglas-fir— grand f i r  codominance.
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Table 8. Standardized discrim inant function coeffic ien ts  for separating 
pathway groups in overstory dominance data.
Function 1 F-Ratio Significance
Species '51 '84 '51 '84 '51 ‘84
Douglas-fir 1.42 2.09 19.98 32.91 .0008 .0001
Spruce -  .21 -  .04 4.16 10.33 .0641 .0074
Table 9. Standardized discrim inant function coeffic ien ts  fo r sepa­
rating  pathway groups in understory dominance data. F-ratios  
indicate species contibutions to group separation.
Species
Function 1 F-Ratio Significance
'51 '84 '51 '84 '51 '84
Spruce .23 - .02 3.23 2.70 .0975 .1265
Maple .11 3.66 2.67 .0005 .1279 .9818
Larch 5.60 — — 1.35 —  — .2685 - -
Grand f i r 3.95 4.43 1.17 .56 .2999 .4697
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Successional Trends: Inferred vs. Actual
To determine i f  understory composition could be used to predict 
successional trends, species dominances of the 1951 understory were 
compared to those of the 1984 overstory. This comparison was i l lu s ­
trated with Bray-Curtis ordination using a pair of successional vectors 
fo r each plot (Figure 11). Both vectors of a pair originate at the 1951 
overstory dominance. One vector leads to 1951 understory dominance 
(representing inferred change) and the other leads to 1984 overstory 
dominance (representing actual change). The length and direction of the
two vectors were compared for the 14 plots. Vector length indicates the
re la tiv e  rate of change in species composition. The direction of a 
vector indicates differences in species compositions. Interpretation of 
a vector's direction was based on the correlation of species dominances 
to the axis scores. The f i r s t  axis was correlated to grand f i r  domi­
nance (r^ = .69, tau = -.6 4 ) and to Douglas-fir dominance (r^ = .62, tau
?= .6 1 ). The second axis was strongly correlated to birch dominance (r
= .82, tau = .65 ).
The vector pairs of seven of the eight plots in group B show
sim ilar characteristics. Vectors connected to the 1951 understory are 
longer than the vectors connected to the 1984 overstory. The shorter 
overstory vector suggests that the rate of compositional change was less 
than predicted from the 1951 understory composition. In contrast, plot 
182 underwent greater change in species composition in 33 years than
predicted by i t  1951 understory composition. Most of these vectors
point l e f t ,  toward the area of the ordination dominant in grand f i r .  
The longer understory vector re flec ts  the greater amount of grand f i r  in 
the 1951 understory compared to the 1984 overstory. Two of the over-
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Figure 11. A comparison of predicted (inferred) vs. actual change in species composition. Plot positions 
are based on relative dominances of species.
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story vectors point r ig h t, indicating an increase in Douglas-fir since 
1951. Except fo r plot 182, understory vectors point s lig h tly  upward and 
overstory vectors point s lig h tly  downward. Since the second axis was 
strongly correlated to birch dominance, the difference in direction of 
the two vectors indicates that birch present in the understory may never 
be expressed in the overstory. Birch was not present on plot 182 in 
1951 or in 1984, which explains why both of this p lo t's  vectors point 
the same d irection .
The vectors of group A plots display a greater variety of pat­
terns. The understory and overstory vectors of plots 1 and 122 follow
the directional pattern of group 8 p lo ts , but are more sim ilar in
length. The overstory vector of plot 11 is much longer than the under­
story vector, indicating greater compositional change in the overstory 
than predicted. In accordance with the general trend, plot 11 did 
contain less birch in its  1984 overstory than in its  1951 understory. 
On p lo t 13, both vectors point upward and are the same length. The 
vectors of plot 59 were sim ilar in length, but the overstory vector
points upward indicating more birch in the overstory. On plot 59, birch 
dominance in the 1984 overstory was re la tiv e ly  low but was higher than 
that of the 1951 understory from which birch was absent.
Analysis of the fourteen pairs of successional vectors indicated 
that the rate of change in species compositions was generally lower than 
predicted. The major compositional difference between the 1984 over­
story and the 1951 understory was in birch dominance. Generally, the 
overstory contained less birch than the understory. Birch, a small­
sized, short-lived tree , requires much lig h t fo r a ll  stages of develop­
ment. Once overtopped by conifers, birch stems d ie . The birch stems
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w ill sprout or regenerate only in large gaps. Birch's s ize, longevity 
and light-requirements explain why th is  species plays a greater role in 
the forest understory than in the overstory.
Of the three plots which differed from the general pattern  
displayed in the ordination, two (11 and 13) were located in the wettest 
and one (182) in the driest region of the study area. These three plots 
had the lowest overstory canopy densities of the fourteen plots in 
1984. As explained in the section on the overstory ordination, plot 13, 
the wettest s ite , d iffered from the other plots as i t  is in an e a rlie r  
stage of development. Plot 11, also located in the moister region of 
the study area, has reached the successional stage where its  once 
dominant birches are dying as the conifer canopy closes above them.
Because the birches are in a senescent phase, actual compositional
change was greater than predicted. Somewhat para lle l to the situation  
on p lo t 11, plot 182 suffered a dieback of its  serai species— larch.
Plot 182 also changed more in species composition than predicted. Grand
f i r  recru its  f i l le d  the gaps created by the dead trees on both plots. 
In 1951, grand f i r  was absent from these plots' overstories and present 
in only small amounts in th e ir  understories. Thus, increased m ortality  
of overstory trees, regardless of its  source, may cause an unpredictable 
stochastic change in species composition.
Though understory compositions in these Yellow Bay Forest plots may 
suggest general successional trends, they can not be used to d irec tly  
predict future overstory composition. Because of the longevity of many 
species, the rate of compositional change in the overstory is generally 
slower than that of the understory. Direction of compositional change 
may also vary over time. Given the complexity of forest dynamics, some
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b io tic  or environmental factor, e .g ., d iffe re n tia l m ortality or d is tur­
bance ra te , w ill  eventually change in frequency or in tensity . A change 
in the disturbance regime results in a change in the rate and direction  
of succession. As the degree and type of disturbance vary within a 
fo re s t, so may the pathway of succession vary within a forest.
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CHAPTER VI 
DISCUSSION
Disturbance and Forest Dynamics
Since the turn of the century, the disturbance regime of Yellow Bay 
Forest has changed. As rates, d istribution (in  time and space) and 
severity of a disturbance affect species composition and structure of a 
forest (Runkle 1985), a change in any of these factors w ill have impor­
tant consequences on forest dynamics. In the Yellow Bay Forest, f ir e  
occurring at long intervals was the major disturbance shaping forest 
development u n til 1905. After th is time fire s  were suppressed and 
eventually, insects and disease became the major agents of disturbance.
The change in patterns of m ortality at Yellow Bay had a profound 
influence on forest dynamics and species composition. Previously, the 
deaths from f ir e  of groups of trees suddenly released large amounts of 
previously lim ited resources, e.g. lig h t, space and nutrients. Newly 
exposed soil provided an optimal seed bed for many species. In the 
absence of periodic f i r e ,  disturbances were less intense and usually 
smaller. Resources became available in smaller quantities.
Without f i r e  to periodically  open portions of the forest canopy, 
most of the fo rest's  canopy closed. Even grand f i r ,  which establishes 
well in moderate shade could not reproduce or grow in the dense shade. 
The previous regu larity  of f i r e  was not conducive to the development of 
shade tolerance as the forest usually burned before such tra its  were 
selected (Antos 1977). The increased senescense of trees increases
69
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
70
th e ir  susceptib ility  to insects and disease. Insects and disease, 
b io tic  agents of change, speed the demise of senescing trees, create 
openings in the canopy and allow the recruitment of new stems (Mueller- 
Dombois et a l.  1983).
Gap phase dynamics, the process by which growth continues in the 
canopy openings of dense stands, characterizes species dynamics in the 
Yellow Bay forest. Most of the gaps are small, formed by the death of 
one or two trees. The larger gaps are formed by the death of a group of 
trees, such as the larch which suffered high losses to the larch 
casebearer. Windstorms hastened the rate of gap formation by fe llin g  
disease-weakened and standing dead trees.
The change in disturbance regime strongly affected species dy­
namics. Under the periodic f ir e  regime, faster-growing, less tolerant 
species were able to reestablish themselves. Larch seedlings establish  
well on bare mineral soil a fte r a f ir e  and mature larches are highly
resistant to f i r e .  With greater lig h t in tensity , the fast-growing
Douglas-fir compete well with grand f i r .  As the canopy closed, these 
less shade to lerant species were lost from the understory.
Most of the Yellow Bay Forest now has a dense canopy cover with 
in term ittent and small canopy openings. Under these conditions, the 
more shade tolerant species, grand f i r  and maple, dominate the under­
story. Grand f i r 's  a b ility  to persist in a suppressed state under a 
dense canopy and to respond well to release from suppression gives i t  a 
crucial advantage in the gaps. Grand f i r  also establishes well by seed 
in gaps. Grand f i r 's  high net basal area growth rate and low m ortality
rate re fle c t its  shade tolerance and other adaptations to current forest
conditions. Maple, though not as common as grand f i r ,  is a ubiquitous
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component of forest gaps. Maple's very high ingrowth rate indicates 
that th is  shrub resprouts well under gap conditions. In spite of 
maple's a b ility  to to lerate shade, its  successional role is lim ited by 
i ts  shorter l i f e  span and its  smaller size compared to the forest 
trees. Engelmann spruce, though moderately shade to leran t, was rarely  
successful in colonizing gaps. Spruce's low density is characteristic  
of spruce in the grand f i r  forests of the Swan Valley (Antos 1977).
While small canopy openings favor the more tolerant species, larger 
openings allow less tolerant species such as Douglas-fir to become 
established. The one large gap present on the study plots was located 
in the dry northwest region of the forest. A ll of the larch that were 
present on this plot in 1951 have since died. Though two Douglas-fir 
seedlings were recently recruited, no Douglas-firs survived into larger 
size classes. The understory, s t i l l  fa ir ly  open, was dominated by young 
grand f ir s  and maples.
The southwest portion of the study area was not yet influenced by 
gap phase dynamics. Formerly a marsh, th is area s t i l l  had a moderately 
open canopy with many grand f ir s  and a few spruces thriving in the 
understory.
Compositional Trends
Successional vector ordinations of plot overstories revealed dis­
t in c t  compositional trends in group A as opposed to group B plots. 
Group A plots increased in only grand f i r  while group B plots increased 
in grand f i r  and Douglas-fir.
The increasing dominance of grand f i r  on five  group A plots
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resulted from the high growth and low m ortality rates of grand f i r  
concomitant with the loss of other species. The short-lived species, 
maple and birch, had high m ortality . Only a few Engelmann spruces and 
no Douglas-firs were recruited, leaving l i t t l e  competition for grand 
f i r .
One of the six group A plots increased in birch rather than grand 
f i r  dominance. This p lo t, also the moistest p lo t, was located on the 
s ite  of a marsh drained in the I9 6 0 's. In 1984, birch was the only tree  
species in the overstory. Grand f i r  moved into the understory from the 
adjacent forest edge as the s ite  became drier but had not reached the 
overstory by 1984.
The eight plots of group B increased in Douglas-fir and grand f i r  
dominance. The net growth rate of Douglas-fir was sim ilar to that of 
grand f i r  on these d rie r p lots. Growth and m ortality rates were sim ilar 
fo r the two species. Grand f i r  recuitment, however, was greater than 
that of Douglas-fir. Douglas-fir and grand f i r  dominances increased at 
the expense of the short-lived species—maple and birch— and the insect- 
k ille d  larch.
Successional vector ordinations revealed sim ilar compositional 
trends in the understories of the two groups of plots. The two groups 
differed  in what species were lost, but in both, grand f i r  dominated 
recruitment. More birch was lost from group A plots while more Douglas- 
f i r  and larch were lost from group B plots. Grand f i r  and maple had the 
greatest rates of ingrowth. A few plots increased more in maple than in 
grand f i r ,  but grand f i r  w ill eventually overtop and replace th is short­
lived species.
Thus, both groups became less diverse compositionally between 1951
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and 1984. An analysis of overstory dominance indicates a convergence 
toward two species compositions: (1) grand f i r  dominance and (2) grand
— Douglas-fir codominance. An analysis of understory dominances in 
both groups indicates convergence toward grand f i r  dominance.
S ite  characteristics p a rtia lly  explain compositional changes of the 
two groups of plots. Grand f i r ,  typical of moister areas compared to 
D ouglas-fir, dominated the moister group A plots. On the drier group B 
plo ts , Douglas-fir and grand f i r  established equally well a fte r the last 
replacement burn opened the canopy and cleared the ground of l i t t e r .  
The oldest overstory trees of both these species are around 170 years of 
age. S ite conditions changed as the canopy dominated by Douglas-fir and 
grand f i r  closed. Less lig h t was available for the establishment of new 
trees favoring the more shade-tolerant grand f i r .  The closed canopy 
created moister conditions due to reduced evapotransportation, de­
creasing Douglas-fir's competitive advantage. Most reproduction became 
lim ited to small gaps beneath the canopy opening, also favoring the more 
to leran t grand f i r  which can survive suppression and can respond to 
release from suppression soon a fte r the canopy opens.
Species l i f e  history charcteristies also p a rtia lly  explain group 
dynamics from 1951 to 1984. Birch diminished in the overstory due to 
i ts  short longevity, small stature and low shade tolerance. Maple's 
shade tolerance and a b ility  to resprout explain its  high rate of 
ingrowth. Grand f i r 's  greater longevity and size account for its  ad­
vantage over maple. Douglas-fir's longevity and size allow its  
continued codominance in the north end of the forest. The main event 
not explained by species characteristics was the insect-caused dieback 
of larch. The larches, with potential lifespans of 700 years, were not
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
74
in a senescent phase. The oldest larch was about 270 years old and most 
were 75 to 200 years old. The larch casebearer unpredictably hastened 
the death of the larches.
Short-term Projections of Forest Dynamics
The increasing homogeneity of the smaller size classes of the two 
groups of plots may indicate a convergence of the two groups into one 
grand fir-dominated group as the overstory Douglas-firs at the north end 
of the forest senesce and die. However, these healthy Douglas-firs 
could liv e  another 230 years, in which time a major disturbance most 
l ik e ly  w ill occur. I f  the primary form of disturbance continues to be 
the creation of small gaps from the death of one or two canopy trees, 
grand f i r  w ill continue to dominate regrowth in both groups of p lots. A 
massive dieback of trees, however, could change the course of succes­
sion. Theoretically , a large gap created by a dieback of canopy trees 
in the dry region of the forest would allow for the replacement of the 
Douglas-firs. However, Douglas-fir recruitment was not very successful 
in the one large gap present at the northwest corner of the study area 
created from the death of several larches. Two f irs t-y e a r  Douglas-fir 
seedlings were present, but no seedlings from previous years had sur­
vived. Thus, the successful establishment of Douglas-fir may be lim ited  
by factors other than lig h t a v a ila b ility . Lush understory herbs and 
shrubs compete fo r space as well as lig h t. The fa llin g  of trees or the 
death of trees that remain standing do not remove the thick l i t t e r  or 
rapidly release stored nutrients, making seedling establishment more 
d i f f ic u l t .  A more intense disturbance such as a f i r e  would remove this
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l i t t e r  and would release large quantities of nutrients. Also, the 
forest soil may have increased in available moisture since 1951, thereby 
favoring the grand f i r .  The dam at the south end of Flathead Lake began 
raising the lake level in 1936. A rise in the water table underneath 
the forest accompanied the rise  in the lake leve l. The lake level now 
fluctuates depending on water discharge of the dam. Thus, a rising  
water table may have increased water a v a ila b ility  of the s o il, thereby 
decreasing the a b ility  of Douglas-fir's seedlings to compete with those 
of grand f i r .
Evidence Supporting the Various Succession Models
The Relay F lo ris tics  Model
The only area of the Yellow Bay forest possibly undergoing a stage- 
by-stage process of succession is the moist southwest corner. Here, 
birch, willow and alder were present in 1951. The willow and alder died 
by 1984, appearing to be associated with an early serai stage. In 1984, 
birch remained in the overstory and grand f i r  was invading from the 
adjacent woods. Though birch and grand f i r  also are associated with 
stages, these stages are overlapping, not discrete. In addition, the 
relay f lo r is t ic s  model does not f i t  well as prim arily allogenic— not 
autogenic— forces drive successional change. The draining of th is  wet 
marshy area had a more drastic e ffec t on s ite  characteristics than did 
the plants themselves.
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In i t ia l  F lo ris tics  Composition
In i t ia l  f lo r is t ic s  composition seems a more appropriate model of 
forest dynamics at Yellow Bay. Egler (1954) suggested that any species 
present on a s ite  can colonize the s ite  in its  early developmental 
stages and that sh ifts  in species dominances are a function of the 
species' l i f e  history chacteristics. Aging of trees indicated that 
grand f i r s ,  Douglas-firs and spruces a ll colonized the study area 150 to 
200 years ago. In the southern end of the forest, dominance shifted  
from birch to grand f i r  due to grand f i r 's  greater size and longevity. 
On the north end of the forest, Douglas-fir's in i t ia l ly  higher growth 
rate and its  greater longevity has allowed i t  to codominate with the 
more shade-tolerant grand f i r .
Tolerance Model. Connell and Slatyer (1977) suggested that species 
assume dominance la te r  in the successional sequence because they to le r ­
ate the reduced level of resources. Grand f i r ,  the most tolerant 
species, has benefited from reduced lig h t levels at the expense of the 
less to lerant species. Although no species grow much under the dense 
forest canopy, grand f i r  and maple germinate and grow well under small 
canopy openings.
Inh ib ition  Model. The inh ib ition  model explains sh ifts  in 
dominance from short- to long-lived species. Grand f i r  and maple 
establish well in gaps, inh ib iting the invasion of other species. Even 
i f  the species establish equally, the shorter-lived maple is more often 
replaced than the longer-lived grand f i r .  This produces a sequence from 
maple and grand f i r  to only grand f i r  in the gaps.
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M ultip le Pathway Model
A m ultiple pathway model of succession proves most useful in de­
scribing events at the Yellow Bay Forest. Such a model would incor­
porate tolerance and inhibition pathways and would emphasize l i f e  
history characteristics. Yellow Bay Forest is a patchwork of vegetation 
in various stages of disturbance and recovery from disturbance. As the 
in ten s ity , type, and frequency of disturbance as well as physical te r ­
rain  and in i t ia l  composition vary throughout the fo rest, a multiple 
pathway model is necessary to explain the variation.
The cone model, a m ultiple pathway model, illu s tra te s  forest dynam­
ics on the two groups of plots at Yellow Bay. The timespan of the long­
term data f i t s  into the m id-to-late serai stages of the cone model 
(Figure 2 ). In 1951, the plots were in the s ligh tly  overlapping mid- 
seral stage. The groups were, fo r the most part, d is tin c t, but a few 
plots did not f i t  c learly  into e ither group. By 1984, the two groups 
were d is tin c t— represented by the non-overlapping, late  serai stage. 
Plots formerly intermediate in composition between the groups became 
more sim ilar to one of the groups. The more moist group of plots is 
increasing in grand f i r  dominance while the more dry group is increasing 
in grand f i r  and Douglas-fir. The tips of the two cones, however, w ill 
not be climax communities in the classical sense. Douglas-fir is not 
replacing i ts e lf  in the understory so i t  is  not considered a "climax" 
species. Because of its  longevity and size, Douglas-fir w ill continue 
to codominate with the shorter-lived grand f i r  for perhaps 230 years. 
I f  current conditions continue, the two cone tips w ill merge into one
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when the Douglas-firs die. Of course, a change from the present 
disturbance regime could hasten the demise of the Douglas-fir, or i t  
could rejuvenate the Douglas-fir population— keeping the tips of the two 
cones d is tin c t.
Some Management Implications
Information gained from long-term data, such as those from Yellow 
Bay Forest, may be useful in forest management as i t  relates to timber 
and w ild life  and environmental problems.
As forest management has increased in sophistication, so has
competition fo r forest resources increased. A better understanding of
the ecological processes involved in forest dynamics and the development 
of fo rest models can minimize negative impacts and can reduce conflicts  
between timber, w ild life ,  recreation and research interests. Long-term 
data provide information on forest species and communities and help in 
developing and validating models. Forest managers may attempt to mimic 
natural forest conditions, such as those found at Yellow Bay Forest, 
because these are the conditions to which species are best adapted.
With models, foresters simulate the effects of d ifferent management 
practices or various types of disturbance on forest development, using 
the results to decide how to manage a stand for the desired goals.
Because of the amount of time necessary to observe forest dynamics,
long-term data are essential in developing and improving forest models.
Long-term vegetation data, in combination with data on habitat
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preferences of w ild life  species, can aid in managing forests for  
w ild l i fe .  Changes in forest structure and d iversity affect w ild life  
d ivers ity  and abundance. An understanding of forest development under 
natural conditions allows managers to manipulate the forest to improve 
i ts  s u ita b ility  fo r selected w ild life  species.
The widespread damage of trees by man-caused disturbances has 
forced foresters to study environmental stresses and th e ir  effects on 
tree decline and dieback. The data from Yellow Bay, a re la tiv e ly  
undisturbed s ite , provide a norm against which disturbed grand f i r  
forests can be compared. These data also provide a baseline for future 
studies at the Yellow Bay Forest i f  environmental stresses increase.
By increasing our understanding of forest processes under natural 
conditions, the data from Yellow Bay may help foresters make better 
management decisions and may provide a baseline for measuring the 
effects of environmental stresses on forest dynamics.
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APPENDIX
Long-term Data for Yellow Bay Forest, Montana 
SPSSX Command F ile
F ILE HANDLE OUTPUT
/NAME = 'F0R 2 F IL
F IL E HANDLE INPUT
/NAME » 'FO RI OTA
DATA L IS T  F IL E  = INPUT
/ TRID 1 -4
PLOT 7 -9
SPEC 1 1 -1 2
DC51 1 5 -1 6
DBH51 1 9 -2 2
VG51 25
DBH67 2 8 -3 1
DBH84 3 4 -3 7
VG84 40
XCOR 4 3 -4 5
YCOR 4 8 -5 0
VARIABLE LABELS 
TRIO 
PLOT 
SPEC 
DC 51 
DBH51 
VC51 
DBH67 
D6H84 
VG84 
XCOR 
YCOR
VALUE LABELS
SPEC 1
2
3
4
5
6
7
a
10
'T re e  I d e n t i f i c a t i o n  Number 
'P l o t  N um ber'
'T re e  S p e c ie s '
'D ia m e te r  C la s s  in  1 9 5 1 ' 
'D ia m e te r  in  1 9 5 1 '
'V ig o r  in  1 9 5 1 '
'D ia m e te r  in  1 9 6 7 '
'D ia m e te r  in  1 9 8 4 '
'V ig o r  in  1 9 8 4 '
'X  C o o r d in a te '
'V  C o o r d in a te '
'Ah i  es g ra n d  i  s '
'A c e r  g la b ru m '
'P . m e n i i e s i i '
'B e t u la  p a p g r i f e r a '
'P ic e a  e n g e lm a n n i i '
' L a r i *  o c c id e n t a l i s '
'P in u s  p o n d e ro s a '
'S a l i *  b e b b ia n a '
'A ln u s  t e n o i f o l i a '  /
DC51 1 '0 -1  in c h e s '
2  '1 - 3  in c h e s '
3 '3 - 6  in c h e s '
4 '6 - 9  in c h e s  '
5 '9 - 1 2  in c h e s '
6 '1 2 -1 5  in c h e s '
7 '1 5 -1 8  in c h e s '
8  'IB - 2 1  in c h e s '
9 '2 1 -2 4  in c h e s '
10 '2 4 -2 7  in c h e s '
11 '2 7 -3 0  in c h e s '
12 '3 0 -3 3  in c h e s ' /
VG51 0  'd e a d '
2  ' a l i v e '  /
VG84 0  'd e a d '
1 'a l i v e ,  b u t  s t u n t e d '
2 ' a l i v e  and g r o w in g '
MISSING VALUES DC51, D0H51. DBH67 
SAVE OUTFILE» OUTPUT
(9 9 ) VGS4 (9 )
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Long-term Data
o #— o 1—H
4
LO r-H
r-.
VO i f Of 0£t—» O LÜ LO a: LO 3C 3C CO o Occ _1 Q_ C_> CO O CO CO C3 (_) <_>1—' o_ tr> o Q > Q Q > X >-
1 1 1 4 99 2 11. 0 IS . O 2 651 27
2 1 1 3 5. 5 2 5. 0 6. 7 2 655 33
3 1 3 3 99 2 4, 0 7. 3 2 662 34
4 1 1 1 99 2 1. 0 1. 0 1 663 29
5 1 1 3 99 2 3. 0 3. 1 0 666 30
6 1 1 I 99 2 1. 0 2. 8 2 667 31
7 1 1 1 99 2 1. 0 1. 3 0 662 39
8 1 2 8 99 2 99 0 0 663 43
9 1 2 10 99 2 99 0 0 663 44
10 1 2 4 99 2 99 0 0 664 43
11 1 2 2 99 2 99 4. 7 2 664 44
12 1 2 3 99 2 99 2. 2 0 664 48
13 1 2 3 99 2 99 0 0 665 48
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1 3 99 2 99 9 7 9 72 231 886 91 2 99 2 99 1 9 1 398 33^
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1
99 2 9. 0 10 9 9 73 228 889 91 1 99 2 99 1 8 1 361 3369 99 2 11. 0 1 1 6 0 74 226 890 91 1 1 99 2 99 0 0 361 334
3 99 2 99 0 0 91 230 891 91 1 1 99 2 99 0 0 369 346
0 0 99 1.0 9 96 239 892 91 1 1 99 2 99 0 0 374 3471 0 0 0 99 3 4 9 96 229 893 91 1 1 99 2 99 . 7 0 364 326
0 0 0 0 . 01 9 91 218 894 91 1 3 99 2 99 4 7 9 369 326
2 99 3 99 0 0 96 217 899 91 2 2 1 a 3 6 4. 4 9 369 327a 0 0 0 99 1 0 9 97 313 896 91 6 99 a 19 0 16 8 9 370 3268 O 0 0 99 2 0 9 97 214 897 91 9 99 0 O 0 0 372 3268 0 0 0 99 1. 9 9 99 213 898 91 99 9 O a 99 lO 4 9 393 324
808
69 8 0 0 0 99 1 0 9 99 214 899 91 6 99 2 99 13 9 9 399 32069 3 99 2 99 0 0 91 207 900 91 2 99 2 99 3 1 9 361 32369 1 4 99 2 99 0 0 94 207 901 91 1 99 2 99 0 0 366 334810 69 3 99 2 4. 9 4. 9 1 94 206 902 91 1 1 99 2 99 0 0 371 337811 69 1 0 0 0 99 . 9 9 67 206 903 91 3 9 a 2 7 4 9 0 9 366 340
813 ' 69 8 0 0 0 99 3 2 9 69 206 904 91 3 99 2 99 6. 9 9 372 343
813 69 1 0 0 0 99 . 01 9 72 203 909 91 2 99 a 99 0 0 374 343814 69 4 0 0 0 99 7 7 9 77 249 906 91 1 1 99 2 99 . 7 1 361 316
619 69 0 0 0 99 4 0 9 88 248 907 91 1 99 a 99 . 9 364 317
816 69 I 0 0 0 99 8 4 9 90 290 908 91 2 99 a 99 2 4 9 373 330
817 69 1 3 99 2 99 4. 7 9 86 240 909 91 6 99 0 0 0 0 366 322
818 69 1 3 99 2 99 4 a 9 92 241 910 91 2 99 a 99 2 S 369 321
819 69 4 3 99 2 4. 0 4 0 0 99 236 911 91 1 2 99 2 4. 0 4. 8 9 362 314
830 69 4 3 99 2 9. 9 9 9 9 99 239 912 91 4 99 0 0 0 0 363 313
831 69 2 1 99 2 99 0 0 79 230 913 91 2 99 a 99 2  a 9 366 313
833 69 3 1 99 2 99 0 O 80 230 914 91 a 99 2 99 4  0 9 369 313
833 69 3 1 99 3 99 0 0 81 230 919 91 4 99 2 99 8 4 9 391 307
834 69 3 1 99 3 99 0 0 82 230 916 91 3 99 a 99 7 3 9 361 304
839 69 2 1 99 2 99 0 0 79 229 917 91 3 99 a 99 9 9 9 362 303
836 69 3 1 99 2 9. 0 0 0 80 229 918 91 3 99 a 99 9 8 9 374 304
837 69 3 1 99 2 . 7 . 9 9 81 229 919 91 1 1 99 a 99 6 9 9 377 302
838 6 9 3 2 99 2 2 0 3. 3 9 82 229 920 91 1 99 a 99 0 0 371 301
839 69 2 3 9 9 2 9 9 0 0 79 228 921 91 1 3 9 9 a 99 1 1 O 9 381 340
830 69 3 2 99 2 9 9 0 0 80 228 922 91 0 0 0 1 0 a. 4 9 386 341
831 69 3 2 99 2 9 9 0 0 81 228 923 91 1 2 9 9 a 99 o 0 386 342
833 69 3 2 9 9 2 9 9 O 0 82 228 924 91 1 0 0 0 1 0 2 1 9 386 343
833 69 3 9 99 3 9 9 O 0 80 227 929 9 1 2 9 9 2 99 0 0 383 349
834 69 3 9 9 9 2 14 0 14. 7 9 86 227 926 9 1 2 9 9 2 99 2 0 9 391 340
839 69 3 9 9 9 2 9 9 29 6 9 92 228 927 91 9 9 9 0 0 0 0 380 333
836 69 1 2 99 2 99 2 7 0 98 238 928 91 3 9 9 0 9 9 9 6 9 382 332
837 69 2 1 9 9 2 9 9 0 0 96 224 929 91 2 9 9 2 99 2 6 9 381 336
838 69 3 1 9 9 2 9 9 o 0 97 224 930 91 2 9 9 a 99 1 5 0 384 336
839 69 2 1 9 9 3 9 9 o 0 96 223 931 91 2 9 9 2 99 2. 3 9 398 336
840 69 2 1 9 9 2 9 9 0 0 97 223 932 9 1 1 2 9 9 2 9 9 2 9 9 396 329
841 69 2 2 99 2 9 9 0 0 96 222 933 91 2 1 99 a 99 0 0 396 329
843 69 2 2 9 9 2 9 9 0 0 97 222 934 91 2 1 9 9 2 99 0 0 397 329
843 69 2 2 9 9 2 9 9 o 0 9 9 222 935 9 1 2 1 9 9 2 9 9 0 0 399 329
844 69 2 2 9 9 2 99 o 0 9 9 221 936 9 1 2 1 9 9 2 99 0 0 399 329
849 69 2 4 9 9 2 9 9 0 0 96 221 937 91 2 1 9 9 2 99 0 0 396 328
846 69 2 4 9 9 2 9 9 o 0 97 221 938 91 2 1 9 9 a 99 0 0 397 328
847 69 2 4 99 2 9 9 o 0 9 9 220 939 91 2 1 9 9 a 99 7 9 398 328
848 69 2 4 9 9 2 9 9 0 0 96 220 940 91 2 1 9 9 a 9 9 1. 0 9 399 328
849 69 2 4 9 9 2 9 9 0 0 97 220 941 91 2 1 . 9 9 a 9 9 1 7 9 396 327
890 69 2 9 9 2 9 9 0 0 9 9 2 2 4 942 91 2 1 9 9 2 9 9 3 4 9 392 327
891 69 8 0 0 0 9 9 . 4 9 92 220 943 91 2 7 9 9 a 9 9 3. 8 9 396 327
693 69 2 t 9 9 2 9 9 0 0 79 229 944 91 1 2 9 9 2 9 0 9 3 9 380 329
893 69 2 1 9 9 3 9 9 0 0 76 229 949 9 1 3 9 9 2 6. 0 6 6 9 390 320
894 69 2 1 9 9 2 9 9 0 0 77 229 946 91 1 3 9 9 2 9 9 9 2 9 392 324
855 69 2 1 9 9 2 9 9 0 0 74 947 91 6 3 9 9 0 0 0 0 389 327
896 69 2 1 9 9 2 9 9 0 0 79 2 4 948 91 1 9 9 2 9 9 0 0 396 331
897 69 2 1 9 9 2 9 9 0 0 76 224 949 91 6 3 9 9 0 0 0 0 391 322
898 69 2 1 9 9 2 9 9 0 0 77 224 990 91 a 9 9 a 9 9 0 0 398 324
899 69 2 t 9 9 2 9 9 0 0 74 223 991 91 2 9 9 a 9 9 0 0 397 320
860 69 2 1 9 9 2 9 9 2 2 9 79 223 992 91 1 9 9 a 9 9 0 0 398 319
861 69 2 9 9 2 9 9 3 O 9 76 223 993 91 3 6 9 9 a a  o 20 7 9 389 313
863 69 2 2 9 9 2 9 9 0 0 7 7 223 994 91 6 9 9 9 2 9 9 10 6 0 387 313
863 69 2 2 9 9 2 9 9 0 0 74 222 999 91 6 4 9 9 0 0 0 0 382 319
864 69 2 2 9 9 2 9 9 0 0 79 222 996 91 2 9 9 a 9 9 3. 4 9 379 316
869 69 2 2 9 9 2 9 9 0 0 76 222 997 91 0 9 9 0 9 9 1 0 1 378 318
866 69 2 2 9 9 2 9 9 0 0 7 7 222 998 91 1 2 9 9 0 9 9 1. 9 1 381 312
867 69 2 4 9 9 2 9 9 0 o 79 221 999 91 6 4 99 0 0 0 0 390 319
868 69 2 4 99 3 99 0 0 76 221 960 91 1 2 99 2 9 9 0 0 398 316
869 69 2 3 99 a 9 9 0 0 7 7 221 961 91 3 99 a 9 9 9 6 9 393 302
870 69 1 9 9 0 3 10. 0 12 2 9 78 220 962 91 6 6 13 9 0 0 0 0 396 303
871 69 8 0 0 0 99 1 2 9 96 213 963 91 6 4 99 o 0 0 0 398 309
873 69 8 o 0 o 99 1 9 9 96 212 964 91 4 99 2 99 0 0 399 302
873 6 9 a 0 0 0 99 1 9 9 100 210 969 99 6 4 a 8 0 8. 8 8 8 0 0 376
874 69 1 0 0 0 0 . 01 9 82 209 966 99 4 9 9 a 8 0 10 2 9 8 379
879 69 1 0 0 0 0 . 01 9 83 206 967 99 1 3 99 a 9 9 6 7 9 6 386
876 69 4 4 99 2 8. 0 12. 0 0 79 204 968 99 4 99 a 7 .  5 0 0 1 381
877 69 2 0 0 0 0 . 7 9 74 220 969 99 3 99 a 4  0 6 7 9 29 364
878 69 2 o 0 0 0 1 O 9 79 220 970 99 3 99 a 99 3 9 9 2 396
879 69 2 o 0 0 99 1 7 9 76 220 971 99 4 1 99 a 9 9 0 0 3 399
880 69 2 0 0 0 0 . 9 9 7 7 221 972 9 9 4 9 99 2 9 9 to 9 9 4 399
s e t 69 10 0 0 0 0 9 9 96 238 973 99 4 1 99 a 9 9 0 0 9 399
882 6 9 10 o 0 0 0 9 9 97 238 974 99 1 2 9 9 2 9 9 9 0 9 9 400
883 6 9 10 0 0 0 0 6 9 58 239 979 99 1 99 a 9 9 9 1 a 400
884 91 3 9 99 2 99 19 4 9 394 327 976 9 9 6 3 99 0 0 0 0 10 400
889 91 1 2 99 2 99 2. 4 9 392 338
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977
970
979
900
901
903 
983
904
99
99
99
99
99
99
1 1 99 2 99 9 1 9 396 1069 113 1 0 0 0 0 . 01 9 676 449
19 2 0 18 2 18 2 0 30 399 1070 113 1 2 99 2 99 3 3 9 680 447
1
2 99 2 99 0 0 20 306 1071 113 6 3 6 0 0 0 0 0 684 448
3 99 2 99 8 3 9 27 391 1072 113 1 1 99 2 99 1. 8 9 676 4466 6 12 3 3 12 3 12 3 9 29 390 1073 113 1 1 99 2 1 5 1 a 9 679 4421 2 99 2 99 3 3 9 3 368 1074 113 1 1 99 2 99 0 0 676 448
99
1 3 99 2 99 7. 8 9 6 369 1079 113 1 1 99 a 99 0 0 670 440
1 3 99 2 99 9. 2 9 8 364 1076 113 1 1 99 2 99 0 0 676 444
906
907
2 1 99 2 99 0 0 9 360 1077 113 1 1 99 2 99 0 0 677 443
1 9 99 2 99 11 9 9 13 360 1070 113 1 2 2. 0 0 0 0 0 662 44299 4 0 0 0 99 3 9 9 1 391 1079 113 1 0 0 0 99 . 4 9 687 448998 99 4 0 0 0 99 4. 9 9 2 391 1080 113 1 0 0 0 0 , 01 9 688 449999 99 1 3 99 2 99 4 2 0 40 397 1081 113 3 1 99 2 99 0 0 689 446
990 99 3 1 99 2 99 0 9 41 380 1002 113 1 1 99 a 99 0 0 692 446991 99 3 7 99 2 21 0 23 4 9 40 379 1083 113 1 1 99 2 99 0 0 694 446
993 99 1 1 99 2 99 0 O 41 379 1004 113 1 1 99 a 99 0 0 696 446993 99 3 0 0 0 0 . 01 9 39 377 1069 113 1 9 99 2 11 0 12 8 9 694 438994 99 1 5 9 9 2 10 0 11 4 9 38 374 1066 113 6 4 99 2 99 7 7 9 678 438
999 ' 99 1 2 99 2 99 4. 0 9 40 379 1087 113 3 2 99 2 1 9 0 0 678 439
996 99 3 9 99 2 99 16 1 9 42 371 1088 113 3 a 99 a 3 0 0 0 678 432997 99 1 3 99 2 99 7 6 9 49 371 1009 113 1 1 99 2 99 3. 0 9 687 432
990 99 1 2 99 2 99 6. 3 9 49 369 1090 113 3 2 99 2 3 0 0 0 687 434999 99 1 4 99 2 6. 9 7 0 9 42 361 1091 113 1 1 99 2 99 . 4 9 691 434
to c o 99 1 9 99 2 99 13 1 9 32 361 1092 113 4 2 99 2 99 0 0 696 431lo o t 99 1 3 99 2 99 5 7 9 41 369 1093 113 4 2 99 2 99 0 0 697 430tooa 99 1 3 99 2 99 0 0 47 360 1094 113 4 2 99 a 99 0 0 699 431
*003 99 2 1 99 2 99 0 0 6 360 1099 113 1 1 99 2 99 1 4 9 683 422
1004 99 2 I 99 2 99 0 0 7 360 1096 113 1 1 99 2 99 1 5 9 696 424
1005 99 2 1 99 a 99 0 0 0 360 1097 113 t 1 99 2 99 1 0 9 608 424
1006 99 3 1 99 2 99 0 0 9 399 1098 113 1 2 99 2 99 3 4 9 676 438
1007 99 2 1 99 2 99 0 0 6 399 1099 113 1 t i 99 3  0 9 670 4J9
1008 99 2 1 99 2 99 0 0 7 399 t too 113 1 t 99 2 99 2. a 9 679 427
1009 99 2 1 99 3 99 0 0 8 399 1 (01 113 1 t 99 2 99 4 1 680 427
1010 99 2 1 99 2 99 0 0 9 390 1102 113 1 1 99 a 99 1 5 9 681 427
t o i l 99 2 1 99 a 99 0 0 6 390 1103 113 1 1 99 a 99 7 9 683 437
1013 99 2 1 99 2 99 0 0 7 398 1 104 113 1 99 a 99 0 0 676 424
1013 99 2 1 99 2 99 0 0 41 389 1109 113 1 I 99 2 99 0 0 681 420
1014 99 2 1 99 2 99 0 0 42 369 1106 113 1 1 99 a 99 0 0 686 4(9
1019 99 2 1 99 3 99 0 0 42 388 1107 113 1 99 2 99 0 0 689 421
1016 99 1 1 99 2 99 0 0 6 396 1108 1*3 1 99 a 99 0 0 692 421
1017 99 2 1 99 2 99 0 0 47 379 1109 113 1 99 a 99 0 o 692 4 20
1018 99 2 1 99 2 99 Q 0 46 379 1110 113 1 99 a 99 0 0 691 419
1019 99 3 1 99 2 99 0 0 47 379 IS II 113 6 4 99 0 0 o 0 679 417
1030 99 3 1 99 a 99 0 0 46 376 1112 113 t 0 0 0 99 4 9 699 420
1031 99 1 99 a 99 0 0 49 373 1113 113 1 0 0 0 99 6 9 699 419
1033 113 1 99 a 99 16 1 9 664 447 1114 113 I 0 0 0 0 . Of 9 699 416
1023 113 1 1 99 a 99 . 4 1 661 447 1119 113 1 0 0 0 0 . 01 9 697 416
1034 113 3 99 2 99 0 0 699 447 1116 113 1 0 0 0 99 9 9 699 416
1039 113 1 99 0 99 1 5 9 699 4 46 1117 113 1 0 0 0 0 . 01 9 690 414
1036 113 1 1 99 2 99 2 1 9 694 440 t 110 113 1 0 0 0 0 . 01 9 697 412
1037 113 1 1 99 a 9 9 . 9 9 691 447 11(9 113 1 0 0 0 0 . 01 9 6 9 9 413
1030 113 3 1 99 2 9 9 0 0 661 449 1120 113 2 0 0 0 9 9 6 9 681 414
1039 113 3 9 9 2 9 9 0 o 662 449 1121 113 a 1 9 9 2 9 9 1 1 9 682 414
1030 113 1 1 9 9 a 9 9 0 0 666 440 1122 113 2 9 9 2 9 9 1 8 9 683 414
1031 113 1 1 9 9 2 99 0 0 666 446 1123 113 2 1 9 9 2 1 0 2. 3 9 681 413
1032 113 1 1 99 2 99 0 0 669 449 1124 113 2 9 9 a 1 0 2, 4 9 682 413
1033 113 1 1 9 9 2 9 9 0 0 669 447 1129 113 6 4 99 2 0 0 0 679 412
1034 113 1 1 9 9 a 9 9 0 0 671 4 4 9 1126 113 4 2 9 9 a 9 9 0 0 686 411
1039 113 1 1 99 2 9 9 0 0 671 447 1127 113 4 2 9 9 a 9 9 9. 2 9 687 411
1036 113 1 1 99 a 9 9 0 o 674 446 1120 113 4 3 9 9 a 9 9 0 0 686 410
1037 113 1 1 9 9 2 99 0 0 674 444 1129 113 4 3 9 9 a 9 9 0 0 687 410
1030 1(3 3 99 2 9 9 0 0 694 441 1130 113 2 1 9 9 2 9 9 I. 7 9 696 416
1039 113 1 1 9 9 2 9 9 0 0 661 439 1131 113 2 9 9 a 9 9 0 0 697 416
1040 113 1 1 9 9 2 9 9 0 0 662 439 1132 113 2 9 9 a 9 9 0 0 698 416
1041 113 2 1 9 9 2 9 9 0 0 669 4 4 0 1133 113 2 9 9 a 9 9 0 0 696 415
1043 113 2 1 9 9 a 9 9 0 0 670 440 1134 113 2 9 9 a 9 9 0 0 697 415
1043 113 3 1 9 9 2 9 9 0 0 669 439 1135 113 2 9 9 a 9 9 0 0 698 415
1044 113 2 9 9 a 9 9 0 0 670 439 1136 113 2 9 9 a 9 9 0 0 696 414
1049 113 1 4 99 a 10 0 13 3 9 671 443 1137 113 a 9 9 a 9 9 0 0 697 414
1046
1047
113 3 9 9 a 99 0 0 671 438 1138 113 1 1 9 9 2 9 9 0 0 694 411
113 6 4 9 9 0 0 0 0 666 432 1139 113 3 9 9 a 9 9 0 0 693 409
1048 113 6 3 9 9 0 0 0 0 669 437 1140 113 1 9 9 2 9 9 0 0 696 409
1049 113 2 9 9 0 9 9 0 0 674 430 1141 113 1 9 9 2 9 9 0 0 691 407
1090
1091 
1093
113 1 0 0 0 9 9 1 2 1 670 434 1142 113 3 9 9 a 9 9 0 0 691 406
113 3 0 9 9 2 20 0 29 4 9 668 429 1143 113 1 9 9 2 9 9 0 0 694 406
113 6 3 9 9 0 0 0 0 664 426 1144 113 1 9 9 2 9 9 0 0 696 406
1093 113 3 9 9 2 9 9 0 0 674 429 1149 113 3 9 9 2 99 0 0 691 404
1094 113 1 1 9 9 2 9 9 3 7 9 674 426 1146 113 1 9 9 2 9 9 0 0 693 404
1099
1096
113 6 3 9 9 2 99 0 0 696 409 1147 113 1 9 9 2 9 9 0 0 696 404
113 1 4 9 9 a 9. 0 13 9 9 661 409 1140 113 a 9 9 2 9 9 0 0 673 432
1097 113 6 6 9 9 2 9 9 14 9 9 691 401 1149 113 a 1 9 9 a 9 9 0 0 644 432
1099 113 1 1 9 9 2 9 9 0 0 694 404 1190 113 1 9 9 9 2 9 9 14 2 9 676 411
1099 113 1 1 9 9 2 9 9 0 0 696 406 1191 117 6 7 19 7 0 19. 7 19 7 0 455 438
1060 113 1 1 9 9 2 9 9 0 0 698 406 1192 117 3 9 9 9 a 16 0 18. 8 9 456 437
1061 113 1 1 9 9 2 9 9 0 0 697 403 1193 117 1 9 9 a 9 9 1 3 9 462 437
1063 113 1 1 9 9 2 9 9 0 0 661 404 1194 117 1 0 0 0 0 . 01 0 460 449
1063 113 1 1 9 9 2 9 9 0 0 666 406 1199 117 1 0 0 0 0 . 01 9 463 445
1064 113 1 1 9 9 2 9 9 0 o 669 414 1196 117 1 0 0 0 0 . 01 9 469 449
1069 113 1 1 9 9 a 9 9 0 0 666 408 1197 117 1 0 0 0 0 . 01 9 463 441
1066 113 6 4 9 9 0 0 0 0 671 411 1198 1 1 7 1 9 9 2 9 9 0 0 499 438
1067 113 1 1 9 9 2 99 0 0 671 407 1159 117 1 9 9 2 9 9 . 6 9 461 436
1068 113 1 4 9 9 2 99 9. 4 9 671 401
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I t4 0  
1141
1163
1143
1144 
1143
1164 
1147 
I14B
117 
117 
117 
117 
117 
117
I 99 2 99 0 0 441 440 1252 117 4 1 99 2 99 0 0 458 430
99 3 99 0 0 463 439 1253 117 4 1 99 2 99 0 0 455 429
1
99 3 4. 5 5 3 9 473 442 1254 117 4 1 99 2 99 0 0 494 4291 99 2 99 2. 3 9 463 436 1255 117 4 1 99 2 99 0 0 457 429
99 2 9 .0 10 5 9 467 434 1254 117 4 1 99 2 99 0 0 458 429
1 0 0 0 0 . 01 9 444 438 1257 117 4 2 99 2 3 0 5. a 9 455 428117 1 1 99 2 99 0 0 469 434 1258 117 4 3 99 2 99 5. a 9 456 429117 1 1 99 2 99 0 0 462 433 1259 117 4 3 99 2 6. 0 0 0 457 428117 1 1 99 3 99 0 0 452 431 1240 117 4 3 99 2 4. 5 0 0 458 428
1169 117 1 1 99 2 99 0 0 453 434 1361 122 1 4 99 2 99 10 5 9 207 448
1170 117 1 1 99 3 99 0 0 453 434 1262 122 1 3 99 2 99 0 0 201 4461171 117 1 1 99 2 99 0 0 456 433 1363 122 4 1 99 2 99 0 0 205 4491173 117 1 99 2 99 . 4 9 457 433 1264 122 1 0 0 0 99 2. 3 9 203 4481173 117 2 99 3 99 4 0 9 468 432 1365 122 4 3 99 0 0 O 0 214 4491174 117 1 99 2 99 0 0 457 430 1366 122 6 3 99 0 0 0 0 222 4461 173 117 1 99 2 99 . 6 9 459 431 1267 122 1 5 99 0 99 0 0 222 447I I 74 117 1 99 3 99 0 0 454 423 1268 122 4 4 99 0 0 0 0 2oa 4431177 117 3 99 0 0 0 0 458 434 1269 122 2 1 99 2 99 0 0 213 445
1179 117 1 1 99 3 99 0 0 441 424 1270 122 2 2 99 2 99 0 0 212 445
1179 117 1 99 2 99 . 9 9 459 422 1271 122 2 3 99 2 99 0 0 213 444
HOC 117 1 1 99 3 99 0 0 458 430 1272 122 1 3 99 2 4 0 5. 1 9 220 444
1181 1 17 1 99 2 99 0 0 459 420 1273 122 1 3 99 2 7 0 9. O 9 220 437
1183 117 1 0 0 0 0 . 01 9 460 434 1274 122 3 1 99 2 99 0 0 202 423
1183 1 17 1 3 99 2 99 7 0 9 472 433 1275 122 1 3 99 2 3 0 4 5 9 214 423
1184 1 17 1 1 99 2 99 O 0 474 435 1374 122 1 4 99 2 12 0 14. 8 9 217 423
1183 117 1 3 99 3 99 O 0 455 414 1277 122 4 1 99 2 99 0 0 201 413
1184 1 17 1 99 3 99 O 0 458 415 1278 122 1 6 99 2 18 0 21 2 9 205 4131187 117 1 99 2 99 0 0 459 415 1279 122 1 3 99 2 99 3. 3 9 315 417
1188 117 1 0 0 0 0 . 01 9 462 419 1380 122 2 1 99 2 99 0 0 221 416
1189 1 17 1 0 0 0 0 . 01 9 461 415 1281 122 2 1 99 2 99 0 0 322 416
1190 1 17 3 99 0 0 o 0 451 401 1202 122 2 1 9? 99 0 0 221 415
1191 117 3 99 2 99 7 5 9 472 405 1283 122 2 3 99 2 99 a 1 9 222 415
1193 117 99 5 0 2 7. 0 8 2 9 440 403 1284 122 2 3 99 2 99 2. 8 9 220 414
1193 117 99 15 0 2 17 0 19 5 9 445 402 1285 122 2 3 99 2 99 0 O 221 414
1194 117 4 99 3 11 O 13 0 9 480 448 1284 122 2 4 99 2 99 0 0 222 414
1193 117 7 99 2 99 31 0 9 483 447 1287 122 1 5 99 a 99 14 0 9 223 416
1196 117 5 99 2 I t  5 12 3 9 490 449 1288 122 1 3 99 a 99 4 9 9 206 406
1197 117 O O 0 . Of 1. 0 9 491 445 1289 122 1 3 99 a 6 0 5 2 9 211 411
1198 117 3 99 0 0 0 0 477 443 1290 122 1 4 99 2 7. 0 7 0 9 212 412
1199 117 5 99 0 0 0 0 479 443 1291 122 4 2 99 2 4. 0 0 0 220 407
1300 1 17 1 99 3 99 0 0 495 440 1292 122 1 O 0 O 99 4. 5 9 214 406
1301 117 1 99 2 99 0 0 479 435 1293 122 4 4 99 0 0 0 0 301 402
1303 117 3 99 2 99 7. 8 9 484 437 1294 122 1 3 99 2 0 0 0 205 401
1303 117 2 99 2 99 0 0 479 428 1395 122 6 3 99 0 0 0 0 229 444
1304 117 1 99 2 4. 0 4 2 9 482 431 1394 122 1 4 99 a 9 0 10 2 9 232 444
1303 117 1 1 99 2 99 3 4 9 485 428 1297 122 3 5 99 a 99 13. 3 9 234 446
1304 117 1 1 99 2 3. 0 0 0 482 430 1298 122 1 2 99 a 10 0 11 9 9 237 444
1307 117 1 99 2 99 0 0 483 431 1299 122 1 0 0 0 99 1 6 9 240 443
1308 117 4 0 O O 99 5 4 0 490 425 1300 122 4 1 99 2 99 0 0 247 449
1309 117 7 4 99 3 99 0 0 486 424 1301 122 4 1 99 2 99 0 0 245 448
1310 117 4 5 99 O 0 0 0 484 420 1302 122 4 1 99 2 99 0 0 244 448
1311 117 4 2 99 2 99 0 0 498 420 1303 122 4 1 99 a 99 0 0 247 448
1313 117 4 99 2 10. 0 0 0 476 414 1304 122 4 1 99 2 99 0 0 248 448
1313 117 4 4 99 0 O 0 0 484 417 1305 122 4 1 99 2 99 0 0 249 448
1314 117 1 4 99 0 99 9 4 9 484 418 1304 122 4 1 99 2 99 0 0 2 5 447
1313 117 4 0 99 o 0 0 0 496 418 1307 122 4 1 99 2 99 0 0 246 447
1314 117 4 3 99 2 99 0 0 478 409 1308 122 4 1 99 2 99 0 0 247 447
1317 1 17 4 99 2 99 17 7 9 484 411 1309 122 4 1 99 a 99 0 0 348 447
1318 117 1 3 99 2 99 7 5 9 498 411 1310 122 4 1 99 2 99 0 0 249 447
1319 1 17 3 99 2 6. 0 12 8 9 494 410 1311 122 4 1 99 a 99 0 0 245 444
1330 t 17 4 1 5 6 0 5 6 5 4 0 477 405 1312 122 4 1 99 2 99 0 0 244 444
1331 1 17 4 3 5 4 0 5 4 5 4 0 479 403 1313 122 4 1 99 a 99 0 0 247 446
1333 117 7 4 99 3 99 0 0 483 403 1314 122 4 1 99 2 99 0 0 248 446
1333 117 6 4 99 o 0 0 0 485 405 1315 122 4 1 99 2 99 0 0 249 446
1334 117 4 5 99 o o 0 0 491 403 1316 122 4 1 99 2 99 0 0 245 445
1335 117 4 6 99 0 o 0 0 499 404 1317 122 4 1 99 2
99 0 0 246 445
1334
1337
117
117
4
6
5
9
99
99
0
0
o
0
0
0
0
0
495
499
404
402
1310
1319
122
122
4
4
1
2
99
99
a
2
99
99
0
0
o
0
247
348
445
445
1339 117 3 1 99 2 99 0 0 452 434 1320 122 4 2 99 2 99 0 0 249 445
1339 1 17 3 1 99 3 99 0 0 453 424 1321 122 4 2 99 2 99 0 0 245
444
1330 117 2 1 99 2 99 o 0 454 434 1322 122 4 2 99 2 99 0 0 244 444
1331 117 3 1 99 3 99 0 o 455 424 1323 122 4 2 99 2
99 0 0 247 444
1333 117 3 1 99 3 99 o o 456 434 1324 122 4 2 99 a 99 0 0 248
444
1333 117 2 { 99 3 . o i . 6 9 452 423 1325 122 4 4 99 2 99 o 0 249 444
1334 117 3 i 99 2 . 01 . 7 9 453 423 1324 122 3 99 0 0 0 0 236 447
1335 117 2 2 99 2 99 2 5 9 454 423 1327 122 4 3 99 0 0 0 0 245
449
1334 117 2 2 99 2 2. 0 3 0 9 455 423 1328 122 1 4 99 2 99 0 0 249 449
1337 1 17 3 2 99 2 3. 0 3 1 9 454 423 1329 122 4 99 2 1 1 0 0 0 234
444
1338 117 3 2 99 3 3. 0 3 2 0 452 422 1330 122 2 99 a 99 0 0
249 440
1339 117 2 4 99 3 3. 0 3 3 0 453 422 1331 122 2 99 a 99 0 o 237 436
1343 117 2 4 99 3 99 0 0 455 422 1332 122 2 99 0 0 0 0 240
431
1341 117 3 4 99 2 99 0 0 454 422 1333 122 3 99 2 7 0 8 5 9 225
424
1343 117 3 5 99 2 4. 0 0 0 452 421 1334 122 1 3 99 0 99 0 0 232
424
1343 117 3 5 99 3 99 0 0 453 421 1335 122 2 99 2 99 2- 7 9 223 421
1344 117 2 9 99 2 99 0 0 454 421 1334 122 5 99 3 13. 0 13 5 9 226
431
1343 117 2 5 99 2 99 0 0 455 421 1337 122 1 . 3 99 a 4. 7 4. 9 9 228 426
1344 117 2 5 99 3 99 o 0 456 421 1338 122 7 9 99 a 99 23. 0 0 224 443
1347 117 4 t 99 3 99 . 5 0 454 431 1339 122 4 2 99 a 1.0 1 a 9 230 408
1348 117 4 1 99 2 99 . 6 0 457 431 1340 122 3 3 99 2 4 0 4  4 9 229 410
1349 117 4 1 99 2 99 1 O 0 458 431 1341 122 1 4 99 a 99 12 8 9 231 412
1350 117 4 99 2 1 O 1. 9 0 455 430 1342 122 4 0 99 0 99 2. O 9 242 410
1351 117 4 1 99 2 99 0 0 456 430
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1343
1344
122
122
1 0 99
99
99
99
99
99
99
99
0 99 . 5 9 24 / 1 1439 173 3 0 0 0 99 9, 7 9 463 616
1349 122
2 99 0 0 204 1436 173 1 2 99 2 99 0 0 463 623
1346 122 4
99 0 0 209 448 1437 173 t 2 99 2 99 0 0 463 627
1347 122 4 99
0 0 206 449 1430 173 t 1 99 2 99 0 0 461 620
1348 122 4 •
o 0 204 448 1439 173 1 2 99 a 99 0 o 466 619
134<? 122
122
122
122
173
173
173
173
173
99 0 o 206 448 1440 173 6 8 99 2 99 0 0 466 617
1350
1391
1392
1393
1394 
1399
1396
1397
4 2 2
99
99
0
0
0
0
204
206
447
447
1441
1442
173
173
4
4
2
2
99
99
2
2
99
99
0
0
0
0
464
469
619
619
4
3
2
7
99
99
2
2
2
99 
1 0 
99
o
o
23 1
0
o
9
209
230
491
446
407
639
1443
1444 
1449
173
173
173
4
4
4
3
3
3
99
99
99
2
2
2
99
99
99
0
0
0
0
0
0
464
469
469
614
614
613
1 2 99
2
2
99
99
2. 1
4. 0
9
9
461
462
641
641
1446
1447
173
173
4
1
3
2
99
99
2
2
99
99
0
0
0
0
466
469
613
612
1
t
2
2
99
99
2
2
99
99
3. 9
0
9
0
464
494
639
634
1448
1449
173
182
1
1
1
0
99
0
a
0
99
99
0 
4. 9
0
2
464
13
609
640
1399
1360
173 1 3 99 2 7 3 8. 4 9 459 634 1490 182 1 0 0 0 0 . 01 a 19 640173 1 99 2 99 3. 3 9 460 639 1491 182 2 0 0 0 99 2. 2 a 21 642173 1 2 99 2 99 3 1 9 460 631 1492 182 2 0 0 0 99 2. 9 2 22 6421361 • 173 1 2 99 0 0 0 0 463 631 1493 102 2 0 0 0 99 4 .  2 2 23 642
1362 173 9 99 2 99 19 7 9 469 621 1494 182 2 0 0 0 99 2. 1 2 21 64 t
1363 173 1 2 99 2 99 . 9 0 463 623 1499 182 2 0 0 0 99 3 3 2 22 6411364 173 1 2 99 2 99 1 9 1 462 623 1496 182 2 0 0 0 99 4  7 2 23 6411369 173 1 3 99 2 99 8 4 9 499 624 1497 182 2 0 0 0 99 3 1 0 22 640
1366 173 t 3 99 2 99 3. 7 9 494 626 1498 102 1 2 99 2 6. 2 10 2 2 26 644
1367 1 73 1 99 2 99 1. 0 O 494 623 1499 182 2 0 0 0 0 4 2 27 640
1368 173 1 99 2 99 . 9 0 494 620 1460 182 2 0 0 0 0 7 2 28 6401369 173 2 99 2 99 1 9 1 496 623 1461 182 2 0 0 0 . 01 8 2 29 640
1370 173 99 2 99 0 o 493 620 1462 182 3 0 0 0 99 1 7 2 27 6391371 173 3 99 2 99 4. 1 1 492 6 in 1463 182 2 0 0 0 99 1 9 a 28 639
1372 173 2 99 2 99 4. 2 9 493 6U 1464 182 2 o 0 0 99 2. 1 2 29 639
1373 173 99 2 99 0 0 492 619 1469 182 2 0 c 99 3 n a 21
1374 173 99 0 0 0 0 499 619 1466 182 2 0 0 0 99 2. 4 2 21 639
1379 173 3 99 2 99 6 7 9 496 616 1467 182 2 0 0 0 99 2. 6 2 22 639
1376 173 1 2 99 2 99 1 0 9 499 616 1468 182 2 0 0 0 99 2. 0 2 21 634
1377 173 2 99 2 99 1 9 O 496 619 1469 182 2 0 0 o 99 1 1 0 22 634
1378 173 99 0 0 O o 499 619 1470 182 1 0 0 0 0 . 01 2 27 639
1379 173 2 99 2 99 1 9 9 496 611 1471 182 1 0 0 0 0 . 01 a 27 641
1380 173 2 99 2 99 1 0 9 496 614 1472 102 1 0 0 0 0 . 01 2 29 640
1381 173 1 2 99 2 99 a 9 9 493 611 1473 182 1 0 0 0 0 . 01 2 29 642
1382 173 1 2 99 2 99 2. 1 9 494 600 1474 182 1 0 0 0 0 . 01 2 31 640
1383 173 1 2 99 2 99 1 9 9 499 608 1479 182 1 0 0 0 0 . 01 2 31 639
1384 173 1 99 2 99 O 0 491 608 1476 182 1 0 0 0 0 . 01 2 29 632
1389 173 1 99 2 99 o o 460 609 1477 182 1 0 0 0 0 . 01 2 39 639
1386 173 1 99 2 99 . 9 1 499 604 1479 102 1 0 0 0 0 . 01 a 37 639
1387 173 1 1 99 2 99 0 0 499 602 1479 182 1 0 0 o 0 . 01 a 39 637
1398 173 1 0 0 0 99 . 6 9 464 602 1490 182 1 0 0 0 0 . OI 2 38 637
1389 173 1 2 99 2 99 0 o 470 602 1481 182 I 0 0 0 0 .01 2 36 636
1390 173 1 2 2 0 2 99 3. 6 9 472 604 1482 182 1 0 0 0 0 01 2 39 639
1391 173 1 2 99 2 99 2. 2 9 470 603 1483 182 1 0 0 0 0 . 01 a 37 639
1392 173 1 2 99 2 99 0 0 470 606 1484 182 1 0 0 0 0 . OI 2 37 633
1393 173 1 99 2 99 0 0 471 607 1489 182 1 0 0 0 0 . 01 2 36 631
1394 173 1 99 2 99 0 0 473 606 I486 182 1 0 0 0 99 1 8 9 44 639
1399 173 1 1 99 2 99 1 2 9 474 604 1487 182 1 0 0 0 0 7 a 49 636
1396 173 0 0 0 0 . 3 9 481 629 1488 182 1 0 0 0 0 6 a 4 8 630
1397 173 1 0 0 0 99 . 6 9 474 609 1489 182 1 0 0 0 99 2. 2 9 49 637
1398 173 1 6 99 2 99 18 9 9 479 646 1400 182 1 0 0 0 0 . 01 a 16 637
1399 173 ' 4 4 99 2 99 11 0 9 489 649 1491 182 1 0 0 0 0 . 01 2 19 636
1400 173 4 0 0 0 99 3. 1 9 490 646 1492 182 1 0 0 0 0 7 2 0 631
1401 173 4 0 0 0 99 1 3 9 491 649 1493 102 1 0 0 0 99 2. 0 9 1 628
1402 173 4 0 0 0 99 7. 0 9 490 649 1494 182 1 0 0 0 99 1. 9 9 6 627
1403 173 2 0 0 0 99 3 9 4A7 643 1499 182 3 1 99 2 99 17 5 0 19 628
1404 173 2 0 0 0 99 . 4 9 488 643 1496 182 1 0 0 0 0 . 01 a 20 629
1409 173 2 0 0 0 99 1 6 9 480 644 1497 182 1 0 0 0 0 . 01 2 20 628
1406 173 2 0 o o 99 6 9 492 636 1498 182 1 0 0 0 0 . 01 2 22 628
1407 173 3 6 99 2 99 0 0 469 633 1499 182 1 0 0 0 0 . 01 a 19 627
1408 173 1 3 99 2 99 0 0 471 629 1900 182 t 0 0 0 o . 01 a 21 627
1409 173 1 1 99 2 99 1 2 9 481 62? 1901 182 1 0 0 0 0 . 01 a 22 627
1410 173 2 2 99 2 99 0 0 489 629 1902 182 1 0 0 0 0 . 01 a 20 626
1411 173 2 0 0 0 99 4 9 469 628 1903 183 t o 0 o 0 . 01 a 22 626
1412 173 2 0 0 0 99 6 9 484 628 1904 182 t 0 0 0 0 . 01 2 20
630
1413 173 1 1 99 2 99 1 0 9 463 624 1909 182 1 0 0 0 99 9 2 31 629
14*4 173 1 4 99 2 99 6. 3 9 481 621 1906 182 1 0 0 0 99 2. 6 2 32 626
1419 173 1 3 99 0 0 0 O 483 623 1907 182 t 0 o 0 99 1 1 2 39
627
1416 173 1 0 0 0 99 4. 9 9 488 622 1908 182 1 0 0 0 99 2. 1 2 37 630
1417 173 4 4 99 2 99 0 0 491 616 1909 182 1 0 0 0 99 2. 1 2 39 631
1418 173 4 4 99 2 99 0 0 494 614 1910 182 1 0 0 0 99 1 6 2 38 628
1419 173 1 4 99 2 99 0 0 487 613 1911 182 1 0 0 0 0 . 7 2 40 630
1420 173 3 9 99 2 99 17 9 9 473 617 1912 182 1 0 0 0 0 . 01 2 6 622
1421 173 1 3 99 2 99 4 .  2 9 473 621 1913 182 1 0 0 0 0 . 01 a 8 623
1422 173 1 1 99 2 99 6 1 474 619 1914 182 1 0 0 0 0 . OI
2 19 622
1423 173 1 2 99 2 99 1 4 1 476 617 1919 182 1 0 0 0 0
. 01 a 20 621
1424 173 1 1 99 2 99 7 1 479 617 1916 182 1 0 0 0 0 . 01 a 21 670
1429 173 1 1 99 2 99 1 0 1 479 613 1917 182 1 0 0 0 0 . 01 a 20
619
1426 173 t 2 99 2 99 1 5 1 476 610 1918 182 1 0 0 o 0 . 01 a 21 616
1427 173 1 1 99 2 99 9 9 490 604 1919 182 I 0 0 0 0 . 01 2 22
618
1428 173 1 2 99 2 99 4. 9 9 494 603 1920 182 1 0 0 0 0 . 01 2 20
617
1429 173 1 1 99 a 99 0 0 491 606 1921 182 1 0 0 0 0 . 6 2 27 623
1430 173 2 2 99 2 99 O 0 492 610 1922 182 1 0 0 0 0 . 2
2 26 621
1431 173 t 2 9 9 2 9 9 1.0 0 464 617 1923 182 3 0 0 0 0 . 01 2 20 621
1432 173 1 2 99 2 9 9 1 4 1 466 619 1924 182 1 0 o 0 0 . 4 2 26 619
1433 173 2 0 0 0 9 9 3. 3 9 462 6 :6 1929 102 3 0 0 0 0 . 01 2 28 619
1434 173 2 0 0 0 9 9 3 7 9 462 619
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1326 182 6 99 6 0 2 99 8 7 0 33 6231937
1920
102
182
6 99
0
9 6
0
2
0
99
0
8. 1
. 01
0
2
33
38
621
624
1920 182 1 0 0 0 0 . 01 2 36 623
1930 162 1 0 0 0 0 .01 a 40 623
1931 182 0 0 0 0 . 01 a 36 622
1932 182 1 0 0 0 0 . 01 2 42 6221933 182 1 0 0 0 0 . 01 2 37 6211934 183 1 0 0 0 0 . 01 2 40 621
1939 183 1 0 0 0 0 . 01 2 38 620
1936 103 1 0 0 0 0 . 01 2 41 619
1937 183 1 0 0 0 99 8 2 a 47 622
1938 102 1 0 o 0 0 . 01 2 10 614
1939 182 3 2 99 2 99 18 0 a 1 1 612
1940 182 1 0 0 0 0 . 01 a 19 613
1941 182 1 0 0 0 0 . OI 2 16 612
1943 182 1 0 0 0 0 . 01 2 19 611
1943 183 1 0 0 0 0 . 01 2 17 611
1944 183 1 0 0 0 0 .01 2 21 613
19 9 182 1 0 0 0 0 . 01 2 22 611
1946 182 t 0 0 0 0 . OI a 34 614
1947 162 1 0 0 0 0 . 01 2 33 613
1948 182 1 0 0 0 0 . 01 a 34 612
1949 183 6 4 99 2 99 9 8 0 48 616
1990 183 1 0 0 0 0 . 01 2 39 610
1991 182 1 0 0 0 0 . 01 2 36 609
1992 183 1 0 0 0 0 . 01 2 34 600
1993 182 1 0 0 0 0 . 01 2 30 608
1994 102 1 0 0 0 0 . 01 2 34 607
1999 182 1 0 0 0 0 . 01 2 36 607
1996 182 1 0 0 0 0 . 01 2 37 606
1997 183 1 o o 0 0 . 01 2 39 606
1990 183 1 0 0 0 0 . 01 2 43 610
1999 102 3 1 99 2 99 14 2 2 6 603
1960 103 3 9 99 2 99 21. 9 9 49 603
1961 103 t 1 99 2 99 0 0 1 647
1962 183 t 1 99 2 99 0 o 3 643
1963 103 3 1 99 2 99 0 0 14 647
1964 182 3 1 99 2 99 0 o 19 646
1969 183 3 1 99 2 99 0 0 1 1 642
1966 102 3 1 99 2 99 0 0 to 641
1967 183 3 1 99 2 99 0 0 to 640
I960 182 3 1 99 2 99 0 0 9 639
1569 182 3 1 99 2 99 0 0 6 639
1970 183 3 1 9 9 2 99 0 0 7 639
1971 182 3 1 9 9 2 9 9 o 0 4 636
1572 182 3 t 9 9 2 99 0 0 9 637
1973 183 3 1 9 9 2 9 9 0 0 6 637
1974 182 3 9 9 2 9 9 0 0 10 639
1975 182 3 9 9 2 9 9 0 0 4 630
1976 182 3 1 99 2 9 9 0 0 22 628
1977 182 3 9 9 2 9 9 0 0 3 622
1979 102 3 99 2 99 0 0 4 622
1979 182 3 1 99 2 9 9 0 0 9 622
1990 182 1 9 9 2 9 9 0 0 13 624
1901 182 3 9 9 2 9 9 0 o 14 624
1902 102 6 9 9 9 0 0 0 0 21 622
1903 182 3 2 9 9 2 9 9 0 0 9 619
1904 183 3 2 9 9 2 9 9 o 0 7 610
1909 183 3 2 9 9 2 9 9 0 0 7 616
1906 182 3 1 99 2 9 9 0 0 4 609
1587 192 6 5 9 9 2 9 9 0 0 7 60^
1988 182 6 6 9 9 2 9 9 0 0 8 610
1989 102 3 99 2 99 o 0 to 606
1590 182 6 4 99 2 0 0 0 20 610
1991 103 6 3 99 2 99 0 0 a 609
1993 182 3 1 99 2 9 9 0 0 to 601
1993 182 3 99 2 9 9 0 0 20 603
1994 182 6 9 99 0 0 0 0 26 646
1999 192 6 4 99 0 0 0 0 33 649
1996 183 6 3 9 9 0 0 0 0 36 644
1997 182 6 9 9 9 0 0 0 0 36 643
1990 182 6 9 9 9 0 0 0 0 37 634
1999 182 6 3 99 0 0 0 0 40 633
1600 182 6 3 99 0 0 0 o 42 639
1601 183 3 2 9 9 a 9 9 0 o 4 8 634
1602 182 3 99 a 9 9 0 0 49 633
1603 183 3 99 2 9 9 0 0 38 631
1604 182 3 9 9 2 99 0 o 38 630
1609 182 3 9 9 2 9 9 0 0 39 628
1606 182 3 9 9 a 9 9 0 0 37 620
1607 103 3 2 9 9 2 9 9 0 0 27 627
1608 183 6 4 9 9 0 0 0 0 29 629
1609 182 3 9 9 9 a 9 9 0 0 39 613
610 188 1 3 99 a 99 6. 0 9 269 690
611 168 1 2 99 2 99 6. 2 9 269 696
612 188 6 4 99 a 99 0 0 267 696
613 180 1 2 99 2 99 0 0 265 697
614 188 3 5 99 a 99 16 4 9 268 690
619 108 1 4 99 2 99 116 9 262 692
616 188 3 4 99 2 99 8. 9 0 261 693
617 188 3 3 99 a 99 2. 5 0 262 693
610 189 1 2 99 a 99 0 0 273 682
619 too 1 3 99 0 0 0 0 274 684
620 180 3 3 99 2 99 3. 2 1 270 686
621 too 1 4 99 0 0 0 0 272 678
622 188 1 2 99 2 99 1 8 9 260 681
623 188 1 3 99 a 99 4. 0 9 270 680
624 188 1 2 99 a 99 2 2 1 275 680
629 108 3 3 99 2 99 2. 9 0 261 665
626 188 1 3 99 2 3 6 5 3 9 252 671
627 100 6 6 99 O 0 0 0 355 670
628 188 1 4 99 2 99 7 5 9 261 671
629 180 1 1 99 a ' 99 0 0 266 672
630 188 1 4 99 2 99 0 0 259 665
631 188 1 a 99 2 99 1 3 0 264 663
632 too 1 3 99 2 99 0. 5 9 266 660
633 188 1 99 2 99 a. 0 9 268 663
634 188 1 3 99 2 99 6 3 9 279 655
639 180 7 3 99 2 99 0 0 260 657
636 188 1 2 99 0 0 0 0 273 695
637 160 6 3 99 0 0 0 0 277 695
638 ISO 1 4 99 2 99 to. 3 9 284 696
639 188 6 2 99 0 0 0 0 288 697
640 ISO 1 3 99 2 99 0 0 280 698
641 188 3 3 99 2 99 9. 8 9 209 699
642 tee 1 99 2 99 1.0 294 699
643 160 6 7 99 2 99 14 3 0 295 697
644 180 1 2 99 2 99 3 9 1 293 697
649 186 1 4 99 2 99 0 0 289 696
646 186 2 1 99 a 99 . 5 9 291 695
647 188 2 1 99 2 99 0 0 292 695
648 188 2 1 ? i « 99 0 0 273 695
649 188 2 1 99 2 99 0 0 291 694
690 180 2 1 99 2 99 0 0 292 694
691 108 2 1 99 2 99 0 0 293 694
652 188 2 3 99 2 99 0 0 292 693
693 188 2 3 99 2 99 0 0 294 697
654 188 1 a 99 2 99 3 9 9 292 694
699 188 t 1 99 a 99 . 6 1 288 691
656 180 3 5 99 a 99 17. 1 9 278 6 9 5
697 186 1 2 9 9 a 99 1 2 282 690
690 180 1 2 99 2 99 0 0 292 689
699 168 1 4 99 2 99 10 3 9 281 685
660 180 1 2 99 0 0 0 0 281 683
661 tee 1 3 99 2 99 6 9 9 287 680
662 168 1 3 99 2 99 3 9 9 295 684
663 188 1 2 99 2 99 a. 4 9 300 698
664 198 1 4 99 2 99 0 0 295 680
669 188 6 T 99 2 99 16. 0 0 296 677
666 180 1 3 99 2 99 4. 4 9 290 679
667 180 1 a 99 a 99 9 299 678
660 ISO 1 2 99 2 99 0 0 280 674
669 180 1 3 99 0 0 O 0 278 684
670 160 1 2 99 2 99 0 0 278 683
671 190 1 0 0 0 99 . 5 0 282 671
672 108 1 2 99 2 99 2 5 1 280 670
673 186 1 1 99 2 99 1. 5 285 670
674 188 1 2 99 0 0 0 0 290 670
675 198 1 4 99 2 99 0 0 293 669
676 188 1 2 99 a 99 2. 5 I 295 670
677 180 1 99 2 99 1 5 1 290 666
678 180 1 1 99 2 99 0 0 299 666
679 180 1 2 99 2 99 0 0 296 663
600 186 3 7 99 2 99 19. 0 9 290 662
601 169 3 7 99 2 99 2 2  a 9 291 663
682 188 1 3 99 2 99 9. 5 9 294 664
603 189 1 2 99 a 99 0 0 292 664
604 180 2 0 0 0 0 . 01 9 292 665
689 180 1 1 99 2 99 . 0 0 299 662
686 180 1 2 99 2 99 4. 2 9 287 661
607 108 1 99 2 99 . 6 0 291 659
688 188 1 1 99 a 99 0 0 289 658
689 108 1 3 5 0 2 5. 7 0. 0 9 296 657
690 108 1 99 2 99 0 0 292 657
691 168 1 2 99 2 99 7  6 o 2 8 8 6 5 2
692 35 4 3 99 a 99 0 0 369 148
693 173 6 4 99 2 99 0 0 499 648
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